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The cover design is used by permission of SoniaD,. Forseth.
(Copyright pending.) The design is a matrix illustrating mul-
tiplication in mod seven. There are six elements in the de-
sign. These six elements are shown on the top row anal left
column. The results of multiplyincthe elements are shown
in the cells of the matrix. The same matrix with .numerals
rather than designs is shown below.

1 2 3 4 5 6.

2. 2 2 3 2 4 2 5 2 6

2 4 6 1 3 5

.

3 2 3 3 3 - 4 3 5 3 6

3 6 2 5 .1 4

4 - 2 4 3 . 4 4 4 . 4 6

4 I 5-- 2 6 3

5 - 2 5 3 5 4 5 5 5 6

5 3 1 6 4
-, --

.6.2 6 3 6 4 6 - 5 6 - 6
6 5 4 3 2 1

. I
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INTRODUCTION

This Unit concentrates almost exclusively on multiplication.
Included within the unit are many opportunities for independent
and group work. The unit is intended to be semi-self-instruc-
tional with much of the material developed through worksheets,
group work or class discussion.

Section I provides more practice with the basic fabts while
examining the multiplication tables to discover their prop- .

erties. The multiplication properties of 0 and I and symmetry
(commutativity) are some of the patterns discuised.

Section uses arrays as .an embodiment of multiplication and
again the properties are examined. In addition, the.distribu-
tive property iS developed through the partitioning of arrayS.

Section 3 develops the standard multiplication algorithm by
extending the ideas of paititioning arrays. It is suggested
that the balance beam job booklet be used in conjunction with
this section. The boOklet examines the multiplication rela-
tionships demonstrated by the balance beam.

Section 4 reviews Carteslin products, especially the rela-
tionship to multiplication and experimentation.

4
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NOTES ON*TEACHING THIS UNIT

The worksheets in this unit are designed to encourage inde-
pendent work by the children, but this does not mean that
they need no help from you. As the children work indepen-
dently, you should check the work of individuals and help
them with their problems. It is important that as you help the
children, you do not give them the answers, but rather guide
them to the answers by appropriate questions and comments.

In each lesson the children do several worksheets alone or
with partners. An explanation of the concepts on each work-
sheet is provided in this manual. If several children have
trouble with the same concept, you may want to take them
aside and work with them as a group. In some lessons extra
worksheets are provided for fast wopkurs. The rate"uf progress
through'the student manual will depend on the abilities of the
children in your class.. Encourage the children to vtork as
quickly as they can and not to spend too much time on a work-
sheet. The unit should be completed in four to six weeks.

When you are ready to start Section 3, you may want to let
half of the students begin the job booklet while the other
students do the worksheets. While one group of children
is doing the job booklet, youcan work more closely with
the other students on-the worksheets of Section 3. These
worksheets examine the multiplication algorithm in vertical
form. Most likely1 the students ill'need more supervision
and explanation from you in this section than they will on
the worksheets of ether sections. When the first group com-
pletes the job booklet, these students can then do the work--
sheets with your assistance while the other group does the
job booklet. You will-probably find that the group doing the
worksheets finishes before those doing the job booklet. The
extra time should be spent practicing the algorithm. You may
want to make additional :,',eats of practice problems to help
the students become proficient With the algorithm.

- 3
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PURPOSE

Elis)DUCTS AND MULTIPLICATION SENTENCES]

In this section the students learn:

To work independently -- reading, following instructions
and completing the worksheets with a minimum of help from
the teacher.

To identify factors and products in multiplication sentences
and to sufply missing factors and products in sentences.

To write multiplication sentences for a given product, to
list the factors for a given product, to illustrate multipli-
cation sentences graphically with arrays, andto describe
arrays with multiplication sentences.

To apply the properties of multiplication.by 0, I , 5 and 9
to multiplication problemt where those numbers appear as
factors.

COMMENTARY

In thi unit the students will be working independently or with
partners on many of the worksheets. Not every student will
complete all worksheets or all problems on a worksheet. But,
all students should be allowed to work independently and be
,mcouraged to complete as much as they can of each work-
sh,.,.et with a minimum of help froin you.



Several lessons include extra worksheets for fast workers:
Slower children may do these worksheetS at home or in other
free time if they wish. Same lessons also.include worksheets
for class discussion. All children should complete these as
a group. The worksheets have been dividetd to approximate
one day's work per lesson. Feel free to adjust this schedule
to the abilities of your students,. As with most units, this
one should be completed withiN four to six weeks.

Ir. Lesson I the students complete several worksheets inde-
pendently. They identify factors and produCts in multiplication
sentences, .and fill in.missing parts of other sentences. They
draw arrays and write multiplication sentences for those arrays.
Then the students write multiplication sentences for given -

products without drawing arrays.

1



Lesson 2 continues the work with writing multiplication sen-
tences for products. Then the students isolate the factors
for a given product. For example, for the product 16, the
factors axe 1, 16, 2, 8 and 4. The students complete several
worksheets independently and then complete a few more as a
class discussion. This discussion reviews the concepts pre-.sented on the worksheets of the first two lessons.

Lesson 3 includes two mathematical games that provide prac-
tice with the basic multiplication facts and with addition and
subtraction. The different version$ of each game also provide
practice with computational skills. The students should be
encouraged to play these games for the remainder of the school
year, and especially during this unit when they have completed
the independent work of each lesson.

In Lesson 4 the students continue their independent work.
They study properties of multiplying by 0 and I . Whenever
0 is a factor, the product is( always 0. Wheriever 1 is a
factor, the product is always the same as the other factor.
The students are introduced to the use of multiplication charts
where factprs are arranged in n irnerical order along the top
and side of the chart. The students work with ordered pairs
and arrays that illustrate multiplication, particularly by 0 and
1.

OM,
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'Lesson 5 introduces the use of a letter as a placeholder for
a number in an arithmetic problem. First the students-use
letters as placeholders in addition problems, and then in
multiplication problems. The students do several worksheets

.,inde.Jendently, and then complete three others as part of a
class discussion that serves as review and practice of con-

,cepts presented on previous worksheets.

Lesspn 6 is completed as a group. The students study bi-
lateral symmetry in pictures and in addition and multiplica'l
tion charts. They measure angles with-tne clock protractors
that were-used in Unit 26.

In Lesson 7 the students work
independently on worksheets ,

that provide practice with mul-.
tiplication facts. They learn

rosome properties ofmultiplIcation
by 5 and 9. Whenever 9 is a fac-
tor, either the product is 9 or the
sum of the digits in the product
totals 9. Whenever 5 is a factor,
'the product must end in either 0
or 5. Some worksheets include
word problems and number lines
that serve as models for multipli-
cation. Other worksheets review
the similarity between multipli-
cationiand repeated addition.
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Lesson 1: REVIEWING FACTORS, PRODUCTS, ARRAYS
AND MULTIPLICATION SENTENCES

In this lesson the children study the words ",factor" and
'product:" They find missing factors and products. They
review re,:-.tangular arrays, write multiplication sentences for
arrays and draw arrays for sentences. The children draw
arrays for the counting numbers 1-10.

MATERIALS

Worksheets' I -7 (independent)

PROCEDURE

In this lesson the children com-
plete Worksheets I through 7
independently or with partners
during one class period. As the
children work, go aroutid the
room checking their progress.
Do not give away answers, but
lead the children to discover
their own answers when they
have problems. If several chil-
dren have trouble with the same
concept, take those children .

aside and.lead 'a group disbussion
that will clear up the problem-S.
The content of each worksheet is
explained ort the following pages.
(Any children who finish these
worksheets rapidly, should go on
with Worksheets 8 and 9 in the
next lesson.)

Explain to the children the work -
ing,procedure for This unit. In
most lessons the children will do
a set of worksheets independently
or with partners. You may want
the-children to work alone and only

1 i)
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tleir work with a friend. (Several work-
Eteet tell the children to check answers with a friend.;
Deci Ile which prucedure you will follow and explain this to
tie children.

Now have the children do Worksheets I through 7 independent-
ly or with partners for one class period as you go around the
room checking their work. , If children are having trouble or
are not working fast enough, help them with these problems
but do not give away the answers.

7,,tt aa Nto nrktrfir Mope nr *Itt,
1,r1 r ut Ma1,1, "A thr .nrk,twets Art
1*1, mti 1.. +h d..a do nth, tho..e

r,n+ir 1.n.tellq'aou co do.

Worksheets I and 2 give
practice in using the words
"factor" and "product," iden-
tifying factors and products,
and filling in missing factors
and products.

On Worksheet 3 the children
study rectangular arrays.
They see that a multiplication
sentence can describe the
array. The first number in
the sentence tells the number
of rows; the second number
tells the number of objects in
each row. The children write
multiplicction sentences to
describe, arrays.
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Wit 27

.
`saw

0 Each nuderal In a multiplication sentence has
name. The names are factor and product.

factor fatter product

2 3
(i) Let's look at the product.*

The product of each sentence below to (Ircltd.

5 I =® (12 ). 3 4 7 9 =(:)

(J) fleCle the product In each sentence:

t 7 Oa 5 fl, =65 Al 4 =6)

Caution: 0. 2 9 = t 9

In the sentences above, the products are 21. 45,
46, IS, and 91.

(i) Fill In the to 1(ircle one).

g = 110 3 7 = CR / 4 =

2 IQ C2C. 7 2 = 1-7 3 . 6 = /8

/

tiorkaheet 3

tnit 27

game

roe

row

This Is an array. - row

*rite the word array here it Y

0 The multiplication sentence row

3 2 = 6 describe. this row

array. row

The array Ma 3 rows And 2 objects In each row.

® The first number In the multiplication sentence
tell' the number of row*.

The second number tells the number of objects

In each row.

4® Here Is an array.

-

5 2 = 10 des(rihea tit array.

"Skow many roes are there In the array?

Hoi;\msny (*Jetts In each row/

*rite a alinlen.e for this array:

q /Ca

rm. .rrdy has rises with objet is In

each row.

The multiplication sentencm is 4 3 = 12.

Worksheet 2
Onit 27

Nor .

factor factor product

2 3 = 6
Obtch numbers are factor° d and 3....--

(:) S 3 a IS. IS is the product.

S and 3 are the -NIC.1-0/1F.

(:) circle each fatter In theee sentences:

(i) In the sentence* Now the factors are:

4 and 7. 5 and O. G and 4.

0 Will In the niseing factors.

0 1 3 6 S a al0 -14 'a 7

Worksheet 3 10entinue41

(:) Write sentence to describe
this array: 0

me first number tells the number offiLL4).

There are oZ rows In the array.

The second number tells the number eil)ifeetc
In each

There are objects in each rear.

(:) Write multiplication sentence for each array.

A.4:13.

11,

I ha =

:: la

(:) (beck your work with friend.

e4l



erkshest
Unit 27

tD Draw an array for thl sentence- 3 = 12

t 4I t o

The flrt number tells the number of rows.

Mono go across.
Your array should have row..

The second nubr tells the number of objects

In each row.
Your array should have 3 object. In each row.

0 Draw an array for cad% sentence.

3

8

P

12

I 0

s

f

5 =VI.

1 I
0 a

' 0 0
, 0

,

a

3 3

I

6 4

11

=

24

I

. 5

.

= 0

*****

6 = 34

11

. I o

vhrk,heet 5
lvit 27

%awe

9r,s qUwlis re, 'Angular arrays as you can for

h purrther, ,

stile.: vulltplEatton "sentence for each array.

TT
,on11p10,* nn the next page

On Worksheet 4 the children
draw arrays for multiplicatiori
sentences.

On Worksheet 5 the children
nike arrays and multiplication
sentences forte counting
numbers 1 -1 0. or 'example,
they draW all possible arrays
that have a total of 9 objects.
Then they write a multiplica-
tion sentence for each array.
The children should save this
worksheet for reference when
they get to la, .if worksheets
that ask them to write all the
possible multiplication sen-
tences for a product and to
,find all the factors for a pro-7
duct.

5*

orkshee4 S frontInue41

7

1.7=7

7 7

8

10

I f 0 $0

0 1 = 10

Z 5 =10

9

11.1

9.1.7

3.3190

(:) (heck your work with
friend.

(i) Save this worksheet
to help you do ether

worksheets.
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Morkshert b

tint IT

Mrlte as many different
multiplication sentences 43

YOU can (Or ett.11 product.
The lira! car ts done for

ou. Draw arrays if you have to.

Product *rite the multiplication
sentence+ here.

2
2

1 .

1 = 2

2 2

.

I 7 =7

1.1 r-7

to 1'10:40 10.1 =10

2:. 5 =X) 5.2=10

1 , -1 °1
_.-___

i -/- 1

3.3 -:
V. ; ,,~ ?

15 :5 -f5
.3.5 . i5

15.1 %$5

5'3'15'

104115

12

2 = "Z
_z.,, f.1

3. -' '2

21 .s-i.2
,,,._: 7 --,'-'.

--,,..3 -L.;

You have just completed f worksheets.

Fast workers can do
Vorkshee,4 8 and 9

If your teacher tells. you to.

on the nest set of morksherts, do ont

do any marked limn' Olscuasion, until

row* leacher tell.' you tn.

Worksheet 7

Unit 27

in the missing
rectos:, and products.

MM sack *entente Wolfe your

r--
anseers here.

2 . ___

factor factor = predict

3 2

7 =1w /
7 7

4 6 =
4 6 2 Li_--

1 ..___. = 5 I 1 3

5 5 =
5 s--

3 = 18 6 3 ig

Caution:
factor factor . predict

3a,

14
___ 7

7 lic2

= 3 3 i7
cf

On Worksheet 6 the children
are asked to write multiplica- -
fion sentences for products.
They are told to draw arrays
if they have to.

Worksheet gives practice
in filling in missing factors
and products. In the process,
the children also practice
their multiplication facts. If
the children do not know the
products for some problems,
suggest that, they use their
multiplication machines from

Unit 25, counters, or arrays
to find the products.-

9



Lelson 2: WRITING MULTIPLICATION SENTENCES FOR PRODUCTS

The children writ@ multiplication sentences for given productsand study the factors for a given product. As a class, theydiscuss the concepts on the first set of worksheets.

MATERIALS

Worksheets 8-9 (independent)
- Worksheets 10-11 -(fast workers)

Worksheets 12-14 (discussion)

PROCEDURE

In Activity A the children do Worksheets 8 and 9 independ-ently. Fast workers should complete Worksheets '10 and 11 ,also. Review with the children the procedure for workingindependently.

In Activity B, the children discuss Worksheets 12, 13 and 14.4s a group. Activities A and B should be completed in oneclass period. Activity C is an optional commentary about the'worksheets.



1

Activity A

\

1,'orksheet 8 asks the children to write four multiplication
sentences with 10 as a product. The children circle each
factor in each seintence, and then write each different factor.
They write eaclutactor only once: I-, 10, 2, and 5.

On Worksheet 9 the children write five multiplication sen-
tences for the product 16, and then write the five different
factors: I, 16, 2, 8, and 4. They also write sentences
and factors for the product 9.

1

Worksheets 10 and 11 are for fast workers. On Worksheet
10, the children draw arrays for the counting numbers-11-20,
and then write a multiplication se..tence to describe each
array.

On Worksheet II the children write sentences for certain
products, and then list the different factors for each product..

Woksheet S
tnit 27

%a we

(D Write four miltiplicatIon sentences that have

the product 10.

I 10:- io. 10 1-= tO
d S 7.- 0 to

, Here are the multiplIcatIon sentences that

have 10 as the product.

(inle each factor.

(9 (:' IQ
IO

Write each factor for the mtltIplicatIon
sentences that have 10 as the product. Write

ea.h fa.tor only once."

I / , al '',

14 The fn, tors for the product 10 are

I, 10, 2, S.

Worksheet 9 \ame

ln1t Z7 I

Write five mult1p11(atIon seatelots 'that hn.e

the product 16.ir t.6 LI.. Z. 1G

RA. (I. q.4:::

(i) Write the fl%e different fncr4 for the
sentefTces that have 16 as the product Write

each factor only once.

r 6, i4

03 Write all the multiplication sentences mkth

ns the product.

k q I q

0 Write all the different factors for the
sentences that have 9 as the product. Write

each factor only once.

,3
Check your work with a friend. There are

three factors for the seine:nen that have S

714 the OhodUct.



llorkshwet 10
Unit 27

Iast Sorkers I

as slow re. tangular arrays as you can for d
ch product. Thoriotrt tie a multiplication

sentence for sch ar/ay.

II

1.11.1

.

12 .

..... ..... . i .42.'11 ii 3`1 =IL

11_11
:::11-'3'12

24 '12

ii 4 r '1: 11

13

I is.1

13.1:13

14

114-14

191 1`1

2.7 =14

:
..

: 7 2. ILI-
f

15

(.15-1.5

, 15.1'15

..... 3.5:15

...
:::
::: 5.3=15

Worksheets 12, 13 and
r4 will be used for

-class discussion in the
next activity. But, if
some children complete
the other worksheets
irapidry and. correctly,
!let them try Worksheets

12 and 13, if y)L1 wish.

12

O

4u

.aoeksheet 10 ft ont Mord? =

.(0

17

117.17

n It17

18

48-1.=13

3.4,12

19

1'17.111

11.1.4 17

120=20

20.1:20 -

2,/020

15.2.ZO

4.5220

54=20

(beck your work

with a friend.

Save this worksheet

to use later.

Morksheet 11

Unit 21

4

s *rite every multiplication sentei,ve for each product. .

Then list all the different facturrs.

Fast, Corkers

Name

Product MUltiplicattom .entenceu Factors

- 1 8'. 8 1,2
s 8 1 = 8

.

2 4 = 8 .

4 2 = 8 ,
2,4

11 I 111=.11

11)=1,

11 11

/.12.. a I,)2:
(2.1 . 11 z

12 2.4 r. 12 _

4.1 ' IL o%
3;4

3.4: 11.

q...3 . 1.
.

There are six sentences.

14

1 181 = i4

i9 *i =. PI

z 7 c14'

1,14,

2, 7

7.2. . izi There are

four enctors.

4
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Activity B

Give the children a few minutes to chi Worksheets 12 and 13.
After about 10 minutes, gci through Worksheets 1 2, 13 and 14
as a class. All children shbuld be included in this discussion.

Worksheets 12 and 13 review concepts presented on the first
nine worksheets. By this time you will know any problems
the children encountered in their independent work. As you
go through the worksheets with the children, spend time re-
viewing the trouble areas so that alrctilldren will understand
the work they have been doing.

On one part of Woiksheet 13 the children write the different ".
factors for each counting number (1-20). If any children have
trouble doing this, suggest that they look at Worksheets 5
and 10. (Not all children will have done, Worksheet 10.)
Lead them to see hew drawing arrays and writing multiplica-
tion sentences can help them find all the different factors
for a given product.

Worksheet 12,
mnit 27

'class Discussion

some

111What wigging In this sentence/

7 2 ILI

factor

Flit. In she at..ine pert In the sentence above.

7 and 2 art the '..._134...71r S in the sentence

above

® Write all the multiplication sentences that have
the product S.

1. :... 4?

. 1

3 3 7.. 9

Write all the multiplication lenience. that have

the product 13.

.13,= 13
.3' 7- 13

Worksheet 12 !Continued' .

Unit 27

-
.(:) Draw an array with 6 rows *****

1
and S objects in each row:

*.

0 Write a multiplication sentence to describe the
a: ray you drew.

4,- 5 3 0
Write multiplication sentence
to describe this array:

d.q z. 18
0 Draw asasany army, as you can with 6 objects

in each array. Also, write a mult1Plicirlm
sentience to describe each array you draw.

Si

: 8.1 =5

.ti

11

= 8
000

4

13
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I

( lass Dts.e,.ten

'loather( 13 %sue

Lull V

write 411 the oulttpll.ttloo that haw
the product le.

t t
= t

w. r .

3 Y !

rite all the farfor4 for ,hoar sentev,e, you
swot.

.0,

*rite all the,factors for each product helm..
by to find the factors without writing
multiplication sentences. Tou can unite

sentences first If you have to. (Hint* Lae

Worksheet, S and 10.1

(i) Save this oniktheet to help you do Worksheet 14

If some concept has been
particularly difficult for the
children, take time to pre-
sent other examples. Ac-
tivity C provides an expla-
nation of some of the con-
cepts. You may want to
read the commentary before
doing Worksheet 14. After
completing Worksheets 12
and 13, you should have a
gopd idea of how the chil-
dren are doing and what
areas need extra work.

On Worksheet 14 the chil-
dren classify the set of
counting numbers (1-20) -

into subsets according to
the number of factors each
has. The worksheet tells
the children to study the
Chart of-factors they made
on the previous worksheet.
If you feel the children
need additional practice

in writing multiplication sentences and in identifying the dif-
ferent factors, have,the children construct another chart on
the chalkboard: For each produc- a different child can write
the multiplication sentences and list the factors. Then each
child puts each product on the correct branch of his worksheet.
You may want to draw the tree on the chalkboard also.

T

=malk

20
rAF



Ourkoheet 14
trut 27

.1 W.. UUSION

Imo4 At thr tutu .1- 4..1.14.,heet II. Ion 2ound

that umt. prodcb Is Ital.t. 116,111 I 4t lora, And other

product. haw 0#14 our or tau t tur.,

....
Here I. the ,e1 ;11t- produ.1%

1, 2, 1 4, 3. h, 7, 0, 9, 10,

11, 12, 1.1 14, 15, lb, 17, 1$, 19.10

I#

.2
. .

Lath hrandi of the tree on the next page Is

for A .11Cfrren1 number ot factors. *rite each

product on the hrAnch that tett. he. many

1",k tor. that r'roduc 1 ha..

4 hr ex smpte Me pr du, t 2 has two 1,A. tor.,

2 1 Of , the branch that ....bo. lbw, fa. tors,

Activity C (Optional Commentary)

This commentary provides further explanation of some of the
concepts presented on Worksheets I through 9. If the chil-
dren had trouble on this first set of worksheets, these com-
ments might be helpful for you to plan additional work for the
children. If several children need additional help, you could
take those children asiae and go through Worksheets 10 and ,

11 with them. These worksheets were for fast workers ,.but
can also provide additional practice for other children.

On Worksheets I and:2 the words "factor" and "product" ...

were introduced in order to provide a convenient language for
later work. The word product is Used somewhat incompletely
here because in the sentence 3 4 = 12, the expression 3 4
could also be called the product since it is another name for
12. The children are not given a definition of product, but
are only expected to identify a product in a multiplication
sentence and fill in missing products in other sentences.

15



The useof arrays on Worksheets 3 and 4 provided a graphic
picture of the multiplication operation with whale numbers.
The commutative property (2 3 = 3 2) and the multiplication
property of one (1 n = n) should become obvious when manip-
ulating arrays.

On Worksheet 5 the children found all the possible arrays for
each number. The activity was purposely open ended so that
the children had the chance to explore in a nonstructured sit-
ation. Although the student might not have found all arrays
(or factors), he was encouraged to find all that he could. His
previous knowledge of the multiplication facts should have
proved helpful. He discovered whether or not he found all the
arrays (or factors) when the class discussed Worksheets 13
and 14. Drawing arrays on previous worksheets provided a
means of finding all the factors for a given product. Work-
sheets 6, 7, 8 and 9 gave the children practice in writing mul-
tiplication sentences for products and in isolating the factors
for given products. Any children who had trouble finding all
factors for a product should be encouraged to.draw'all the
possible arrays first.

%nw wu will learn '00e with game:

PIM% !hear game whenever vou heir fret titre.

'AO
111

This is the instruction
page from the Student
Manual for Lesson 3.



Lesson 3: MATH GAMES: MULTIPLICATION, ADDITION
SUBTRACTION AND COMPUTATIONAL SKILLS

The games in this lesson pro'Vide practice with basic multipli-
cation, addition and subtraction facts; and if extended, prac-
tice with computational skills. You should devote a leisurely
-class period to teaching the first version of both games. The
games provide a pleasant break in class routine and can be
used again later in the unit whenever you feel the children
need e change from the independent work they will be doing
on the worksheets. For children who complete the worksheets
in each lesson rapidly, you may want to suggest that they
play these games in their spare time.. Encourage the children
to play them during free periods or whenever they haye.time.

MATERIALS

for spinner game

spinners k

spinner discs, numbered 0-9

dice, numbered 0-5 and 4-9

paper and pencils

-- for factor game

- paper and pencils

PREPARATION

You or th children should get the metal spinner arrows,
spinner bases and the white squares from the third-grade
kit. Draw a circle on each square and divide it into ten
parts. Number the parts 0 through 9. This is the disc.
Assemble each spinner by putting the disc on the base and
the metal arrow through the disc and into the base.

Assembled Spinner

PPOCEDURE

Thor° are two games with several versions each. After the
rhildren learn the first version of each, teach them the others

17



and encourage them to make up new versions. Do not put too
much pressure on these games, but rather encourage the chil-
dren to have fun while learning. You should expect a reason-
able amctirrt of noise white they are playing. If some children
are playing games while others are completing the worksheets
in later lessons, have the players go off to one corner of the
room and remind them to play as quietly as possible so that
thay do not disturb the other students.

SPINNER GAME

The four versions of the spinner, game provide practice with
multiplication, subtraction and addition.

Version 1

Two children play this version. The players have paper,
pencils and one spinner with a disc numbered 0 through 9.
The first player spins the spinner twice to generate two fac-
tors. He Multiplies these factors and records the product.
The second player spins twice, multiplies the factors and
records hit product. Then the first player spins again. The
game continues until each player has generated and added
three products. The ?layer with'the higher score after adding
three products wins the round and gets one point. The first
prayer to win five points wins the game.

-

Example:

Alan Lyrrne

7 1 = 7 9 1 = 9

7 6 = 42 2 7 = 14

8 8 = 64 4 0 = 0

113 23

Alan wins one point for this round.



The students might wish to add another rule that any player
who spins 0 0 wins the point, and a new round is started.

The game could also be played with a pair of dice, one num-
bered. 5 and the other 4 - 9. (Regular dice could be marked

-with numbers or used as they are.)
0

Version 2

Two or more children play, using paper, pencils and the
spinner or dice. In this version the children set a goal, for
example, 125. One child spins to generate two factors,
multiplies them and records the product. The next child does
the same. Each player adds his products after each ,turn and
keeps a running total. The winner of the game is the player
whose total gets as close as possible to the goal without
going over it. If a player goes over the goal, the other player
wins that game._ (If several children are illaying, the child
who gets closest without going over wins. Any child who
goes over the goal is out of the game.) If a child gets close
to fhe goal, he may choose to "freeze" at that score and he
may not spin again for the rest of that game.

For further variation, the children might wish to play the game
several times. The child who comes closest to or reaches the
goal each time gets one point. The first child with five points
wins .

Example: Goal = 125

Bill Joe

S x 7 = 35 3 x 7 = 21

1 x 5 = 5 5 x 9 = 45
40 66

3 x 7 = 21 2 x a= is
6I 82

I x 6 = 6 4 x 9 = 36
67 118 Freeze

4 x 8 = 32
99 Joe wins the game' (or one

2 x 9 = 18 point if they are playing
117 several times).

4 6 24
141

Bill lost because he went over the goal.

33
9



Version 3

Two or more children play. The players choose a starting
number, say, 125. This version is similar to Version 2 except
that this time the children subtract the products and work
back to zero.. Whoever comes closest to zero (or hits it
exactly) is the winner of the game. Again, the children
might want to play several times, giving one point to the
winner each time.

Version 4

Ex.ample:

Pat Lori

125 125

5 x 6 = -30 5 x 9 = -45
95 80

4 x 5 = -20 6 x 6 = -36
75 44

1 x 4 = 4 3 x 8 = .724 -
71 20

3 x 4 = -12 4 x 5 = -20
59 0

3 x 8 -24
35 Lori can't be

3 x 6 = -18 beaten only
17 tied!

4 x 4 = -16
1

5 x 7 = -35

Pat went/past 0. Lori wins.

This version, called "tug-o-war," is played by two students
with one sheet of paper, pencils, a spinner and a disc num-
berdd 0 through 9. Each player, in turn, spins the spinner
to generate a product. One player's goal is to reach (of pass)
100 by adding each of his products to the running total. The
other player's goal is to reach (or pass) 0 by subtracting
each of his products from the same total. They start with a
.score of 50. The players must decide who will add and who

will subtract.

20.



In the sample game b9low, Kim spun 7 and I on her first turn,
so she subtracted the product, 7, from the starting score, 50.
Jeanie spun 9 and 2, and added her product, 18, to 43, bring-
ing the running total up to 61. Then Kim spun 3 and 4, and
subtracted 12, which made the total 49. Then Jeanie spun 7
and 8, and added 56 to the running total. Slie passed her
goal, 1'00, and won that game.goal,

(goal = 0) Running total Jeanie (goal = 100)

50
7 1 = 7 - 7

43
+ 18 9 2 = 18

61

3 4 = 12 12

49
+ 56 7 8= 56

105

Jeanie passed her goal and won.

FACTOR GAME

The two versions of this game provide practice in multiplying
and in writing-multiplication sentences.

33
21
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4,
1.4.!***.

-,1-

C, r1

Tvw student:; play this version with paper and pencils.
Player A writes the whole numbers 1 through. 20 on a piece
of paper. Player B circles one number and then writes as'
many multiplication 'sentences as he can, with that number
as the product. Player B gets one point for each sentence.
he wrote.

Example:

i 2 3 4 507 8 9.10 IL 12 13 14 15 16 17 18 19 20

t

.

Player B chose 6 and wrote these
examples: 1 6 = 6, 6 1 = 6,
2 3 = 6, and 3 2 = 6. Player
B got four points for his first turn.
Now Player A: chooses a number,
draws a box around that number,
writes the sentences and gets one
point for each sentence.

Each player goes through the
procedure again. After each
player has had two turns, the
children add their points. The
player with the highest score
wins that round.

Then the players play another
round, each having two turns to
choose a numbeneand write the
sentences. This round starts .

using only those numbers that
had not been 'chosen in the first
round. .After two turns each,
they add the points, and deter-

. , mine the winner of the second
round....,Using these 20 numbers,

.; .the' children can, play five. rcands
,-,Its,.; The player who wins three or

1.4 more rounds, wins the game:

4."
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Example:

1 2 3 4 , 5 ® 7 809 I E I I 1:6 13 14 15 16 17 18 19 20

4 points

3 points

6

2

3

1

9 1 9

3 3= 9

Bill Kristi

6 w. 6 2 5=

1 = 6 5 2 ;,-.

3 = 6 1 10 =

2 = 6 10 1 =

- 9 = 9 1 - 12 =

10

10

10

10

12

12 1 = 12

2 6 = 12

6. 2= 12

3 4 = 12

4 3= 12

.

4 points
14

6 points'

7 points = Bill's total Kristi's total = 10 points

Kristi wins the first round.

Version 2

The game can be extended by using numbers larger than 20;
,for example, the numbers between 20 and 40. Encourage the
children'to think of other variations.
ea

i
,

3 "
-

23



Lesson ,: MULTIPLYING BY 0 AND I

In, this lesson the children 'learn to multiply by 0 and I.
Worksheets-and multiplication provide additional
practice with. factors and products and with simple nhtlti-
plication facts. The worksheets review ordered pairs and
usingnumbers in an ordered pair as factors in a multiplica-
tion sentence..

MATERIALS
I

l Worksheets 15- 24 (independent)

. Worksheets 25- 26 (fast workers)

' PROCEDURE

Worksheet 15
loft 27

pane

In this lesson you do Morssneets
15 - 24 alone or with a partner. Fast

workers car do Worksheet. 25 and 26.

ri; MUIttirlying by zero la easy.

When you mult6ly by 0, the product is always 0.

C.!)
If you draw an arrly.wlth 0 rows and 3 objects

in cab row, you have 0 objects.

If you multolv 0 3, the product Is 0,

0 )

']0 When you multiply by 0, the product is always 0.

When you see a multiplication problem with 0 as
A factor, you know the product is 0

0 Fill to ,the missing product.:

..,

'5 0 , k-, WO 0 . () ---- =9 0

32 , .
0

711 0 (..) 0 -211.0
a

(4)
product in each' problem alms, is 0.

Whone%er 0 Is a factor, the product is always

--- -------

3(
24

The children complete
Worksheets 15 through
24 independently or with
partners: Fast workers
should go on to Work-
sheets 25 and 26.

On Worksheet 15, the
children lean a.property
of multiplyifiq by 0.
When 0 is 6 factor in
a multiplication sen-
tence, the product is
always 0. Zero times
any number is zero.
The children"do several
problems with 0 as a
factor.



worksheet 16
snit 27

%am

® Multiplying by one Is easy.
When one factor is I, the product Is the saw
is the other Cal tor.

® If you draw an array with 3 rows and I object In
eacb row, you have 3 objects.
If you multiply 3 1,
the product Is 3. 3 41 =

when you multiply by I, the product Is always

ti same as the other factor.

VIII in the missing products

Id= 1 , IS 1 57 ,r) 3 =3

In the first problem, the product Is 18.
The product In the second problem Is 57.
The product in the third problem Is 3.

® Fill in the missing products.
11137893 I _

- 45 ..1

5 ..(lieck your work with a friend.

1 I =

ale

J

illorksheets 17 Name

Unit 27 *

)11111 In the'aissIng factors and products.
Remember the propertlisNif mulelplying by 0 and I.

Reid the mulaplicatIon
'sentence here.

write your answers
hen.

factor factor is predsc

0 15 =.... 40 15 0
0 41 = 0 41 0
1 15 = I IS I

1 41 = 1

--,
/I

I 1 31 431 = 31

31 = 0 0 31 0

1 r-' 0 81 0 0

1 = Ill 1 1 GI

esut lon factors factor = product

= 9 0 9 0 0
=9 I q I Ct

= 1 21 1
21* oth

,--
.......= 0, 21 6 21 Q

13 = _ 13 f i 3 13

0 = _ 13 0 13 0

.Worksheet 1-6 studies I as a factor. ,yhe children discover
that v-henever I is a factor in a multiplication sentence, the
product is always the same as the other factor in the sentence.
ThA effect of multiplying by I is also illustrated by repeated

'.addition and arrays. The children fill in missing products _of

sentences that contain I as a factor.

ksheet .47 gives additi'bnal practice in multiplying' by 0
anpl 10 Point out to the children that whenever they encoun-
ter a bultiplication problem with 0 or I as a factor, thy
on quickly fill in the product using the two properties they have
1Pjatned .tie)Erpphdlize that the children must be alert to notice
0 and I as factors in problems, but that they do not need to
spend much time memorizing or practicing multiplication by'
0 or 1:

4.

3

AY

25



Worksheet I8 introduces the
use of intatiplicatio9 charts.
The numbers across, the top
and along the side of the
chart are factors. The num-
bers in the squares of the
chart are products. The chil-
dren study a chart with num-
bers 0 through 3 across the
top and 0 through 2 along the
sidp, and write the products
and multiplication sentences
in the squares of the Chart.
The children use the chart to
work a few multiplication
problems. Then the children
fill in the multiplication sen-
tences and products on a
small chart with 0 and I as
factors.

Worksheet it %ame

Unit 27

whim to Worksheet 20.

Use this chart to help you answer the questions on
worksheet 20.

FACTORS

0 1 2 3 4 5 6 7 8 1

0 -o,0 0 0 o *U o

2 10

o '3
O a_2s 0

'

6 0- 4At:
1 0

0
t

Er
t?O'/

3

4

,
I

i

t- -- - t---ii
1 !

i --4

4. 4-

Save this chart to une later.

1

Worksheet IS
Unit 27

Name

(I) Look at the multiplication chart below.

.®

e
The numbers ac-oss the top ars faCtors.

Thplumbers damn the 14s ars factor...

A multiplication problem is written in eacg

Zp:eiuct for the priapism is also in each
(square.

Use the chirt to
do these'preblema.

0 0 = 0

factors

2 3

0
9 )

u
2 A=

1= ,
0 1 = ()

2 2 2

4

2

6
I

3=

(i) Flit in the
multiplication
preblim and the
product in each

"0, iquare or Imo
imittplication

chart.

factors

0 4

a °
C
"*.

0'0
.o. z

1.0
0

1..1

Worksheet 20
Unit 27

Nome

Look at the multiplication chart on Worksheet I.

How mapy squares are there in the whole chart?

/OD
HINT: Think

),
of it as an array with ten rows

and ten objects in each row. ,

Use 0 as i factor.

Fill in as many product' as you cite with 0 as a

factor.

How many"squares did you fill in?

Use 1 as factor.

fillF 1 in as many products as you can with I all

tor.

many equates did you fill in?

19

Using 0 and I as factors. I filled in 3 42
!squares.

tw
That means there are --

q
.--squares that are not

filled in.'

Check your work with a friend. Save the chart

on Worksheet it.

#
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On Worksheets 19 and 20 the children study a multiplication
chart that has factors 0 through 9 along the top and side.
The chart is on Worksheet 19 and some questions about the
chart are on Worksheet-20. The questions on 20 tell the .

chidrbn to fill in squares of the chart.

First the children determine the total number-of squares' on
the chart (100). Then they fill in all the products using 0 .

as a factor.. These products are all zero and go in the first
row and first column of the chart.' (There are 1.9 squares
with 0 as the pioduct.) Next they fill in all products using
1 as a factor. Each product is the same as the other factor.
These products go in the second rcw and second column of
the chart. (The children fill in 17 squares using 1 as a
factor.) The children see that they can fill in 36 squares
of the chart using 0 and 1 as factors. Tell the children to
save the chart to use later.

4 27
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Worksheet.. al- %time

r

1.

Ohl. is an ordered pair 1, 7 .

Herr 1+ so errs) *MI 1 nos aid 7 ubje,ts In the* * *
Finish the multipljtation entrivr Ihat desHrthes
the twat number of mhjetts: 1 7

Here is 40 ordered pstr el. 61.

here is a number Illw with rjulup and 6 t'Dates

tn a jump

finish the multIplitation ',entente that destribea

the total number of spates 1 6 Je..°

.

Hare 1 in err.) with 6 rises

And 1 objet in each rot.-

rite lie ordered pair for that Array-
finishthe sultipli,Atton senten.e that describes

the total number of obje.ts in the'Arri0

6

Herr Is a number line shooing 7 lumps and 1 spare

in eat 11 jump

V 'a k 'I

Write the ordered pair (1 b 1)

write the moiliPlhattoo sentence that describes

the total number of space'. 1' 1 =

i.

worksheet 23
nit 27

12, 41 is an ordered pair.

The first member of the pair

rhe se..md member of the mar is .

2 4

2' 'fair 4 dIfferrof ordered pair using 2 and 4.

The first member

The second member 1 .

q 8

7
, 1, 91 14 an ordered pair. 3 -

write a different ordered pair (a
using 3 and 9.

Write a multi/di, -lion me,de.e for SAW
,rder4 pair.

Worksheet 22,
toll 27

%aloe

Here are the answers for Worksheet 21. Chetk

your murk.

box 1 1 1 7 , 7, box 21 I 4,6

box 31 16, 31 box 41 17 11L
b 1= 6 7 1 = 7

*rile an ordered pall...for 3 rows and 2 objects

In each roe. t 3 ,
Dram an array with 3 rows and 2 objects In each.

row. 1

Write temiliplicallen sentence to describe the

*,,,array.

3

Write the ordered pair and the multiplication

centence for this array:

ordered pair (*VS)

multiplication sentence 3

4.

Worksheet 34

Unit 27

*rite ordered pairs and multlpij,.lion sentences.

too numbers watered pairs multiplication sentences

9 and 3 OP ,3 )

15 .4 ,

6.3= 1 1
)- L. z- it

and 9 1* ,'l 3

IA ,s )
b- q 2 1.1.
1. I' z / A

7 and 9

./

(47 . IP l'

16 , r) I

r) 6 :... qa
r? 7.."- ii 2

4 and 9 14 . (gr )

(4,q)--
4 L= d7
4.11= ga-if

3 and 11 1$ .1.)
lb' .3 )

Jkz 4z 'f
5-.3 % a? 'I

Choose your

Pan numbers.

:and_

i

ti



OnWorksheets 21 and 22 the children study ordered pairs of
whole numbers. Arrays and number lines illustrate graphical-
ly an interpretation of the ordered pair, and also illustrate
multiplication by I. The student applies the operation of
multiplidation to the ordered pair.- In the first example, the
children study an array of I row and 7 objects in the row.
The ordered pair is (1,7). The numbers of the ordered pair
are used as factors to produce a third number, the product:
I 7 = 7.

On Work Sheets 23 and 24 the students again study ordered
pairs, this time writing two pairs for a set of numbers. The
numbers in the pair are used as factors to produce a product.
The children see that two ordered pairs using the same num-
bers generate the same products. For example, the numbers
2 and 4 can be written-in two different ordered pairs: (2,4)
and (4,2). Using the numbers in each pair as factors, the
children write two different multiplication sentences, but each
has the same product: 2' 4 = 8 and 4 2 = 8.

Worksheets 15 and 26 are for fast workers.

Worksheet 25, provides practice with simple addition, sub-
traction and multiplication facts. The children work each
problem and then put the numbers from the problems into a
puzzle that resembles a crossword puzzle.

Worksheet 26 involves multiplying by 0 and I. With multi-
plication problems and word problems the children see that
when the product is 0, one factor in the problem is also 0.
They see that when one factor is 1 and the product is say,
21, the other factor is 21.

Children who complete these worksheets quickly should be
encouraged to play the spinner games. t,',Or, they can fill in
the remaining squares of the multiplication chart on Work-
sheet 19.

29



!Fast Sorters

ortshoet 2S %our

Wit 27

l'ut sae numeral la sank box. Uoe too bases for a
4 2.41#11 41111101W.

Across

a. 2 = b. 4 S =
b. 35 - 6 = c. 1 3 . 1 6

C. = 12 4. 2 7 =
4. S 2 = a. 10 10 ='

s. 1 I = f. eo - 0 =
f. 1 = IS 4. 9 II m

I. = J. 49 26 =
h. MS 0 = k. 2 6 =
I. 67 1= 1. 14 IS 32 17 =
j. 12 - S = le. 19 If =

1. 2 4 =

a. SI - rf =
n. 1 6 =

0. 100 - 33 =

30

derbeheet 24
Volt an

0 III =

Peat Ilerlore

Pew

Mae am factor Is 0. the product Is sleeps

() . 10 0

ago the product Is 0, ewe factor Is 0

()0 0 a

If tee factors are 0, the product ,.
0

I Ohl 1/116-

lase bee factor Is I. the pr act Is always the

a, ties oti er-Sea*GSM

If wee factor I. I gad the product I. 21. ghat Is

the other factor?

If ems factor I. I and the product I. 037, *bat Ig

the Mhos' factor? 413 !7



Lesson 5: USING A LETTER AS A PLACEHOLDER FOR A NUMBER

In this lesson the children are introduced to the idea of using
a letter as a placeholder for a number. First they use letters
in addition problems (n = 6, 1 + n = ?) and then in multiplica-
tion problems (if n = 2, then n 3 = ?). The worksheets re-
view multiplication by 0 and 1, using letters as fact=s, writ-
ing ordered pairs, drawing arrays for ordered pairs, writing
multiplication sentences to describe arrays, and commutativity
of multiplication.

MATERIALS
1

Worksheets 27-29 (independent)

Worksheet 30 (fast workers) .

Worksheets 31-33 (discussion)

PROCEDURE

In Activity A, Worksheets 27, 28,
and 29 are completed independently
or with partners. Worksheet 30 is

for fast workers.

In Activity B you discuss Worksheets
31,32 and 33 as a group.

Activity A

Worksheet 27 introduces the use
of a letter as a placeholder for a
number. Examples are given for
addition problems. The purpose
of the introduction is to familiar-
ize the children with the use of a

letter in place of a number, and to help them discover how to
determine what number a letter represents, and how to deter-
mine the sum of a letter plus a number when they have been
told the value of that letter. In the first example the children
are told that n equals 6. If n = 6, then I + n is equivalentto
1 ± 6. The sum is 7. There are other similar examples. The
children are given some of the answers at the bottom of the
second page so that they can check their work.

43
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llorkeebset 27

Unit 27

'Moe

I) You can use a letter In plate of a number.

Lot's try moo addition problem' wine letters.

.2, Let's say that n = 6.

a

I 6 = 7

1 n = 7

'v Let' say that b = 2.

b. 3 = 71,

2 3

b )

4 Let's say x 3.

x S = 7

s

x S =

(-
If p 4, then p p 1 a
Check this answer with a friend.

Vorteheet 2$
Unit 27

A letter can replace a factor in a
multiplication problem.
In these problem, we sill use letters as factors.

-N
2 Let's say that n = 6.

Here Is how you find the product of I n, when
n = 6.

n = 6
I n = 7
I n = I 6
1 6 = 6
1 n 6

2 Let's say thst s . 3. a = 3
'*- , . a , 1 s = 7 a

Find the product. t a = 1 ..,

1 -72.1-7-- ...1...._

. 1 . . z ,

4 Find the 1111:PR products.
Rewrite the problem using the number In place of
the letter only if you have to. try not to
rewrite the probing.

If x = 4. then I x

If n : 2. thervn 3 6'

Ifx.7, then 2 x.4.1.4:
If y = 4. then y 3 .

Worksheet 27 Mentinuedi

liere are more addition problems, wing lettere

In place of numbers.

ilind the sums. bid.

Rewrite each problem using members if you have

t..

0 If r= ties Mint: 3 4 11

If p S, IJ
Ifs = 7, then x 246.

thee ds 111

then 7 h n* I()

Check your work. If pm got am wrote amener,

reed this oerkehsot again.

WereJare the mowers: 7, *45, 27, 17, M.

Worksheet 20 ICentinued)

q..) If yes had trouble finding the 'redacts to the
praises in number 4, read the first pap of
this worisheet spin.

The answers is the problems In number 4 are:

If x = 4, them 1 x * 4
If II 2, theme 3 w
ifs 7, then 2 s= TT
If y 4, then y 3= inr-

0 Find the sissies predicts. Try to mark the
problems without rewriting them.

If s 144 them s AO
14If a 7, then 2 s

If d 9, then dr. 3=

If g 3, then 4 4_

Ifs . 3, then.x 7 .

If n se, thee 3 n

(i) Check year work with a friend.

If you made mistakes, try the problems again.
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On Worksheet 28 the children begin using letters as factors
in Multiplication problems. The children are told the value
of a letter and thpn are expected to use that letter as a fac-
tor to determine the product.

Worksheet 29 reviews the properties of multiplying by 0 and
I in the context of using a letter in place of a number. For
example, the children are given several problems where n =0.
n is a factor in each problem and the children must find the
product, which is 0 in each case. In other problems the chil-
dren are told that x = I. x is a factor in each problem. The
product is always the same as the other fa:Aor in the problem.

Worksheet 30 is for fast workers. If the children have trouble
withVorksheets 28 and 29, you may want all the children to
do this worksheet. It provides additional practice in multi-
plying using letters as factors.

Worksheet re
Unit 27

Nem

1) When you 'multiply by 0, the product
Is Gluey* 0.

When you multiply by I, the product
Is alloys the some es the other factor.

Om these probIems. n = 0 In sack frebles.

n17=0 n9:-
12n20 .n7 0=

\3, A those problem. x = 1 In each problem.

31 = ]) I 476 14.21. = 5

In the problems 1

product of each p

n number 2, *ore n = 0, the
reblem is 0.

In the problem 1
product of each
other teeter.

n number 3, 'hero 11.1, the

problem is the sees es the

ri) If you mode istekes, study this worksheet again.

Ask friend to help yea.

a

Worksheet 30
Unit 27

Fast Workers

Name

Find the missing products.

If n = 6, then n 1 = 44:4

If b = 4, then b= ;PI()

.f . 7, then a 1= I

If A = 0, then x 0

If z = 1, then z 0

If q 13, then q 1 r:

0

13

Check your answers vith friend or ask your teacher

for the correct answers.

4 '6'



Activity B

dive the children a few minutes to do
Worksheets 31, 32 and 33. Then, as a
class, discuss these worksheets.

Worksheet 31 includes a review of multi-
plication by 0,and I. The children work
problems involving factors of 0 and 1,
and they review the properties of multi-
plying by these factors. Ask different
children to give the answers 'and reasons
for answers to the problems. The work-
sheet also includes a multiplication
chart that gives practice in multiplying
by 0 through 9. You may want to draw
this.chart on the chalkboard and ask dif-
ferent children to come to the board to
fill in the squares.

Worksheet 31
Unit ri

® Do the problem:

0 11 = ()

SOW 0 = 0

Klass Discussion

Moe

(i) Fill in the glassing products:

i 9 $ ..1 =

ONO 2,81q 1 63 = 6,3 I 1=

Ihenesior ewe factor I. 1, the predoct is slimly

t he NM s il% 0-1A r- efo

C.j.) Fill In the products In this multiplication chart.

ff
4

;3,t Ita iritkof
tra. iat

;5 10 1I SUP Jo
0jxjf
0 ii,a(1 S
0 4t-g wit@ volt 44

iviali)C10,011 01101 i

.111.

'Class Discussical

worksheet 32 Nam
Unit 27

(0 Write two different ordered pairs with these
numbers: i and 3

(4 3 ) -131 4)
tone pair )another pair)

has an array for each ordered pair:

IP =,
4

(array for first pair) (array for second pair)

-3.) Write a multiplication sentence that describes
each array:

3:-
'first array)

3 . :.-- 18
(second array)

If n 3, then n 7 = Aht n 5 = 15

If A 4, then A I = Aht I x=

If a 0, then 13 a . 6) AND a 7 7 (7

If v 4, th.n v 3 64" ANn 3 v

'it,



On Worksheet 32 you discuss with the children the concepts
of writing ordered pairs, drawing arrays for those pairs, and
writing multiplication sentence to describe the arrays. Also
on this worksheet, the children get additional practice in
using a letter in place of a number. The problemt give prac-
tice in multiplying by 0 and I (with A letter as a number) and
also provide examples of the commutati "ity of multiplication.

Class Discussion'

Worksheet 33 Mute
Unit 27

Manua Problem- for Experts

11 n 0 = °

21 t t
31 2 1 0 =

41 3574 0 =

51 2_. = n 0

GI a = 1 . 1 .
2

71 0 = 3 0 4

Make up a hard probleo. Tell it to your teacher

when she calls on you. Do you think the other

students .111 know the answer/ De sure you know

the answer:

g-'

Worksheet 33 is called "Bonus Problems for Experts." Dis-
cuss these problems as a class, but let the children give you
the answers before you tell them whether or not they are cor-
rect. Encourage all the children to try to be experts! If the
children have trouble with a particular problem, remind them
of the property that applies to that problem. In the first prob-
lem, n 0 =_, the children have not been told what n equals,
But they do not need to know, since whenever 0 is a factor,
the product is 0. In the third problem, 2 I 0, suggest that
the children multiply two factors at a time: 2 I = 2; 2 0 = 0.
The children should see that no matter how many factors are
included in the problem, if one of these factors is 0, the

40
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36

O

product is 0., In the sixth problem, thf childrer may wonder
how to multiply fractions. L d theta to realize that because
one factor is 0; the product i zero,. They do not need to
know the product of orte-half times one-fourth.

At the bottom of the worksheet, the children are told to make
up a problem. Call on the children to give their problems.
Ask other children to tell the products.

In the next set or worksheets, you VIII be
studyine bilateral symmetry. Here are some

examples or bilateral symmetry round In nature.

JV

This is the instruction
page from the,Student
Manual for Lesson 6.



Lesson 6: BILATERAL SYMMETRY

In this lesson the students study bilatetal symmetry in pic-
turet and in some addition and multiplication charts. The
children measure angles with their clock protractors. They
discover that when the factors are arranged in numerical.
order on a multiplication chart, the products possess bilat-
eral symmetry.

MATERIALS

rulers

scissors
clock protractOrs.(from Unit 26)

Worksheets 34-39 (discussion)

PROCEDURE

In Activity A the children complete Worksheets 34 through
39 as a group. Activity B is optional commentary concerning
bilateral symmetry.



Activity A
. -

On Worksheet 34 the children cut out two pictures, a multi=
plication chart, and an addition chart. As a grw they fol-
low the instructions on Worksheet 35. They will discover
that each card has the common property of bilateral symmetry.

On the addition chart, squares that correspond because of
symmetry also contain the same entry. For example, the
square containing the entry for 2 + I corresponds to the
square containing the entry for I + 2. Both of these squares
contain the number 3. This observation relates the commu-
tative property of addition (and multiplication) to symmetry
of the addition (and multiplication) table. This observation
is not made.explicit for the students. ,

Worksheet 34

Unit 27

Cut out these four cards on the dotted lines.

A A

0 1 2 , 3 ' 4

1 0 0 1 2 3 4

I 2 ' 3 4

2 2 3 4 S ' 6

, 3 3,4,5 6 7

' 6 7 84 4 5
1

r, 0

511
t 2

3

4

0 fl 2 3 4
;

0 ,0 010,01
t

0 1 , 2 3 4 !

0 . 2 4 6 8 :

0 , 3 6 ,12

0 4 8 12 16

_
8

33

Worksheet 35
Unit 27

Name .

C-) The four cards that you cut out all have one
properly in common. Do you know what It
If you don't Mb*, read on:

0 Draw a straight line that passes through points
and 8 on each card.

Fold each card along the line you drew. What
do you notice a)out ail four cards?

0 Hold each folded card up to a light. that do
you see? ,

0 Take the folded butterfi'y. Pick one point on
a wing. With your pencil, poke a small hole
through both parts of the folded butterfly.
Unfold the butterfly. What do you notice?.,

S
Choose a point on the folded face and on the
folded charts. Poke.holes through both folds.
Unfold the cards. Whit, do you notice?

These four cards all have a line of symmetry.

What property do the four cards have in common?
Hint: It is a type of symmetry.

Di I a-f e r .5 "-fry
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I
, Worksheet 36 provides :instructions for Worksheet 37, which

is a multiplication chart with the products aftangesi along a
line of bilaterersymmetry.

The children fiki the product entries for 3 7 and 7 3, and
.-draw a line that gasses through these product entries (and
through points A and B). The students meastire the four an-
gle s formed by line AB which intersects the'line of bilateral
symmetry (line MN) ., Each angle has a mag of 3 o'clock (90 ).
The children are asked to draw other lines that intersect line
MN.. Each of the angles formed by: these lnes also has a
mag of 3 o'clock.

(Activity B includes some op-
tional commentary about bi-
lateral symmetry. For more
information about symmetry,
see Minnemast Unit 14, Ex-
ploring Symmetrical Patterns.)

This is the clock protractor
that the children use on the.
worksheets in this .lesson..

39
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Worksheet 36
(mit 27

4-i" Tear outieorksheet 37.

2' 3 7 and 7% 3 r2(
3 Ftn, the sntsares oo the chart that show the

Product of 3 7 and 7 3.

4 Point A is In the box with theiproduct entry

Point 8 Is In the box with Ate product,entryAL

Dra+ a'rhalght'llne that passes through points

A and R. Ise a ruler.

e-
:6 *Mh Is the line of symmetry. 91 intersects AB

Four angles are forme*

7 Measure vat% Anile with your clock protractor.

The met of each angle equalsA o'clock.

a tIrcle the products for these pairs of factors.

6 3 and 13 6

4 5 'And S 4

3 5 and 5 3

Draw Ilnes to Connect, each pair of products.

Your lines should Intersect NN. Wes4ure the

angles with soar clock protractor. What is the

wag of each sogle..3 _o'clock.

Worksheet 36
III 2/

%sae

Coi out this chart on the dotted Fines.

Torn to the next worksheet.

I

FAC113

e_

3

't

3 1 S 4

0 6 2 p) '

o '21 7 35 28

20 16

0 9. 3

0 24 8 40 /4 ; i

I

rJ

Worksheet 39
,Unit 27

Name

1. Does tb; chart on Worksheet 3S have line of

bilateral symmetry? 1105

2. Teel your answer. Cut out the chart.

Fold along line A8 and test for bilateral ,

symmetry.

3. Circle the two product entries for

4 3 and 3 4.

Draw a line segment connecting these producti.
Use your clock protractor to measure the angles.

4. The multiplication chart on Worksheet 37 was

bilaterally symmetric.

The chart on Worksheet 3W is not bilaterally

symmetric.

What males they differeht?

71+12.coiCID r5 mcrt" it. arrave,
Sarre ilUnler:04,10ftigp

along -tap slid Side,



Worksheets 38 and 39 involve work with a multiplication
chart with factors that are. of in numerical order. Also, the
factors along the top are no the same as th)se along the side
of the chart. Therefore, th products of the chart do not pos-
ses.s7bilateral symmetry. T e children cut out the chart on
Waiksheet 38 and then follow the instructions on Worksheet e
39.

Activity B (Optional Commentary)

This ,commentary is provided for your 'use in understanding
bilateral symmetry ,(symmetry about a, line or plane) .

Consider the letter A in Figure I . Any line drawn perpendicu-
lar to the dotted line in the figure cuts the pattern into pairs of

a.

. I

I

.

I

Figure. I

1

points that are equidistant from the dotted line. For example,
the points a and b in Figure 2 (on the next page) are. at equal
distances from the dotted line.



I

4,:

1

L
1

Figure 2

The letter A is said to exhibit symmetry about ailine, or bilat-
eral symmetry. The dotted line is called the line of symmetry
or the axis of symmetry.

Any pattern through which a line can be drawn such that every
line perpendicular to this line cuts the pattern into pairs of
points equidistant from the line is said toexhibit symmetry
about a line or bilateral symmetry.

A simpler but fess exact statement of this idea is that for
every point on one side of the line of symmetry there is a
corresponding point on the other side. Thp paired points must
be at equal distances from the line of symmetry. Figure 3 (on
the last page of this lesson) shows some bilaterally symmetric
patterns that occur in nature. There are tests one can use to
determine whether or not a pattern possesses bilateral sym-
mttry. Two of these tests are described below.

If a mirror is placed in a vertical position along the dotted
line in Figure I , the pattern viewed (half of A and its image
in the mirror) coincides precisely with the original letter A.
The mirror test consists of holding a mirror on the axis of
symmetry to show that the pattern can bp divided into two
parts identical in size, one part being tile mirror image of
the other. In any bilaterally symmetric pattern, one half
of the pattern is the mirror image of the other half. This is

r -,
(.3 ti



the reason that bilateral symmetry is also referred to as
mirror symmetry. It is interesting to test some non-sym-
Metric patterns with d mirror.-

Bilaterally symmetric patterns may' also be folded along the
axis of symmetry to test for the coincidence of the two
halves of the pattern. This gives another test, the folding
test, for bilateral symmetry.

There are some differences in examining the symmetry of
patterns on plane surfaces and of three-dimensional ob-
jects. Corresponding to the line of symmetry of .lane pat-
terns, bilaterally symmetric three-dimensional objects have
a plane of symmetry. Every line perpendicular to this plane
cuts the figure into pairs of corresponding points that are at
equal distances from the plane. Obviously, a solid object
cannot be folded to test for bilateral symmetry. However, a
mirror can be placed along the plane of symmetry to showlhe
existence of bilateral symmetry. The human face is an inter-
esting object that has approximate symmetry with respect to
a plane. Other objects that might be tested are a cone, a
beetle, and toy figures of people or animals.

A picture of a three-dimensional object is, of course, a
two-dimensional pattern. Thus the symmetry of a picture
of a three-dimensional object may be tested by either the
mirror or folding test.

4 3





Lesson 7: MULTIPLYING BY 5 AND 9

The worksheets in the lesson provide practice with the multi=
plication facts. The children learn some properties of multi-
plication by 5 and 9.

MATERIALS

Worksheets 40-47 (independent)

Worksheets 48-50 (fast workers)

PROCEDURE

The children complete Worksheets 40 through 47 independently.
Fast workers can do Worksheets 48, 49 and 50.

Here to another eet of worksheets.

Everyone doss Worksheets 40-47.

Peet ',Moro can do %Numbest' 40-10.

r Fti

45



1.

Worksheets 40 and 41 provide a review of most of the basic
multiplication facts. If the children have trouble with any
of the problems, suggest that they use arrays, repeated addi-
tion,. a multiplication machine from Unit 25, or the multipli-
ca ion charts on earlier worksheets in this unit.

Jn Worksheet 42 the children fill in a row and column on a
multiplication chart with 9 as a factor. When 9 is a factor,
the sum of the digits in the product must total 9. There is
one exception to this rule. When one factor is 9 and the
other factor is 0, the product is 0 and the digit does not total
9.

On Worksheets 43 and 44 the children discover that when
one factor is 5 and the other factor is another whole number,
the product always ends in either 0 or 5. Worksheet 44
also includes some review of the rule that Alhen one factor
is 9, the sum of the digits in the proeact equals 9 (unless
the other factor is 0) .

Worksheets 45 and 46 involve word problems and number
lines that serve as models for multiplication.

Worksheets 48, 49 and 50 are for fast
workers.

Worksheets 48 and 49 involve word
problems that reinforce the similarity
between multiplication and repeated
addition.

On Worksheet 50 the children fill in
products on a chart for problems with
0 as a factor. They work multiplication
problems involving 0 as a fa_ctof-.---

, **-%

U 1.i
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Oorlisheet 40

Unit Z7
Vase

Fill in the sliming number. In each sentence.

- .-

.

Ii

.

rlt , rli IN

-
.

i,

LA-

c-1 c-

a

ct,Li
.

,D

i
!

1

i , .

1,0' -3i

+-xi

0.4

-. ,
"

.3.

.
114, .1.1

..!,

.
-

et 1
c-

.
-

Ilorksheet 42

lout 27
same

Finish multiplying the factors In row 11 and
column In thl, multiplicationchart.

Vow fill in Oen blanks. Add the digits.

Is 24 3 q S 7 p.
i 6 S. gi 1.1

0 994e4Clitigq

Flip in the. hlanka Add the Ale114..

Serheheet di Nor
Unit 37

Fill in the missing numbers.

11.

N

I

0
M

0

V

.-.....v I. Aril a

A...-

.4111

jilli

I.,

F

V

1.

t...

N

a.

0

«

'
-
.

i.I

41

«

r.

....

«

4-1

.
«
II

;.1

.0

i
tz

.
«

6-,1

0

«11...1

Vij

..

.

t

al- 1

«

t.-

...,zi
«
I

t

11.

$

c. 01 cri ... 1 :
g

ip
4

:
11

z
.4%
--.11..r1

11.

in
N

0

V

d

v

v

k,4

.
v

of

ea

1

r

w

v

1

' %

V

v

tillil

.
an

d
On

rl
V

g

. .

V1 %1
in

Worksheet 42 (continued,

C) When ore factor in a multiplication ordain is 11,
',het do you notice about the digit, he the pro-
duet?

!Dimple: S 11 2 45

11 3 = 27

dSaa..
2472S_,

When one factor in a multiplication problem Id II,
the an ef the digits in the product equals 11.

0 Can you finds multiplication problem that hme
as factor, but the an of the digits in the
product does not equal 117 grit, the problem hero:

0 . 0
Did you try 'Ale 0 II

Whet Is the sum of the digits in the
product? C9 There Urns sum Incases

there is only ens digit.

0 When ens factor is 11 and the other factor
le number other than 0, the product is 11
or the egp of the digits of the product
equals 69

115

115

90

0

3

2

S

=30 Does 7
11Dees

WOO 9

11 2

4 2

427

10?

7"
ar
q



Worksheet 43
(alit 27

Finish the chart

a s= 0 2 5:
=4

5=
3 1./.

4.2_5_7 _s 5_
5 4 ;a S 6=
5Itelsf 7 S-
S -L.= 25 S - 7 .

0 r 5
1.5.,
5 I =L 3

5

Ikon one rector is S and the other factor is a whole

number, the product always ends in

Worksheet 45
Unit Z7

Nome

0 1 2 4 5 6

mCli
N.ra. 0 2 4 6 8 T T2

Every set of twins has,61 members.

In S sots of twins,

there are S 2 or 1(7 members.

, 0 3 6 12 IS<1141f I>oi 3 3 4 5

Every set of t;iplets hasmeabers.

In 4 sets of triplets,

there are 4 3 or /4- itemisers.

1 2 3 4 5 6

0 4 8 12 16 20 24

Every Quartet has
Li

s ------members

In 3 quartets,

(her. are 1 4 or ,ambers

worksheet 44

(nit 27

Are these seolemes

home

true or false?

7 5 34 True FaIti (Hint: does the
product end in 0

5 9 46 True tar or 571

S 0 = 2 True hl

6 - 5 . 29 True 4213,1

9 S = 4S (so False

S 7 . 35 463/ False

Caution:

o- 5- 5 True 0 5_ 0

.9 9 . 81 TrA False (Hint: do the digits
In the product add wii

1 9 = 1 True a1 e to 911

3 9 = 26 True tar>

Caution:

0 9 = 0 G False (Hint: remember the
exceiltion to the rule.)

Worksheet 46
Unit 27

Neste

0 S 10 IS 20 25 30<111'1'111>
40,b, %Akt4 0 I 2' 3 4 5 6

'Every nickel is worth 5. cents.

Three nickels are'worth

3 5'0r-1.4Ecents.

Swab,- of %q.t. 0<111'1111>1 2 3 4 5 6

%amber 411 ay 0 7 14 2I 31 62

Every week contains 7 days.

In 4 weeks,

there are 4 4 or Q8 days.

In 2 weeks,

there are 44- 7 or Y days.

In 6 weeks,

these are b or III days,



aorLahrr1 7
'1.1. 27

1.111 tr. 1hr rept% ,qudres

1,4(1014.; je,-

I 2 3 5 6 7

\awe

t

worksheet 9
Ism 2'7

Fast Workers

I. When I add nine 5's, I get 9 or 1.7
Nine nickels are worth 5 5 S -sr---,..1.

2. When I add three 6's, I get 6 6 6 or 3 6.

when I add four 7`r, I get 7 1-)
1-1 or 7

..when I add five S. I get 47 1 4,

5.--*-21.-or
When I add X 's, I get II .
When I add N 3's, I get /41 .2 .

) I earn $2 O0 per day
In 7 days, I earn 2

_ nr 2 or 514 OD

Fast Workers

Worksheet 44i are
tnit 27

1. A nickel is worth S cents.
Six nickels are worth 5 5 5 5 5 5

orcnts.
when I add six 5's, I get 6 5 or 30 cent,.

2. Three nickels are worth5 S. 5 Or

/5 rents.
When I add three 5's, I get 3 or

,cents.

3. Seven nickels are vowel 5" .

when I add seven .."___'s I get 7 or

ALL_cents.

Workahst 50
Unit 27

Feet Workers

Name

Finish the chart and answer the questions.

0 2 3 6

0 0 0 0 0 0 0 0
I 0 0 any number

any number

0 I . I

o 2= 2

o 9= .0

o 4 1 = .

1.
0= 0.1=

2
X 0= 0

0 27= 23

0 =
2

0= 42
3 0

0= (2

=

0 0 0

0
2 ii2f_

x-7 0 -

0 O

0 = _Q__

Rani OJT:

0 lol67,20

o 831

-aa
914

0 0
0

--__

63 0
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11111111111=,TIPLI/.7ATION WITH ARRAYS I

PU R POSE

In this section the students:

Get further practice with addition, subtraction and
multiplication problems.

Learn to represent rectangUlar arrays as rectangles
without the internal diVisions.

Partition a large rectangular array into smaller arrays
and find the total number of elements in the'6riginal
array by adding the number of elements in each smaller
arraY,

COMMENTARY.

In the lessons in this section the students will again be
working alone or with partners on independent worksheets
with a minimum of help from you. The worksheets have
been divided to approximate one day's work per lesson. \E

You may have Jo adjust this schedule according to the
children's abi ities.

Lesson 8 provides practice with multiplication facts using
a circular multiplication slide rule. The commutative
property of multiplication is reviewed with arrays and with
multiplication problems.

53
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In Lesson N the students again
partitipn rectangular arrays.
This time they partition a large
array into more than two smaller

rays. They find the total
number of elements in the orig-
inal array by adding the num-
ber of elements in each smaller
array.

In Lesson 12 the students multiply wi.*,..1-1 more than two factors.
Multiplication is a binary operation, aysl the students learn.

. touultil,?ly two factors, at a time when given a problem in- .

two factors. The vvo6...sheets also provide
,,peric..nce iltiplying multiples of 10 and,)0_9.

p.

6

55
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Lesson 8: MULTIPLICATION PRACTICE

Independent wgrksheets review the commutative property of
multiplication.ln the context of arrays. The children con-
struct a circular multiplication slide rule and work some prob-
lems with it.

MATERIALS

scissors for each child

small brass fastener for each child

Worksheet 51 (class)

Worksheets, 52 -54 (independent)

Worksheet 55 (fast workers)

PROCEDURE

On the next set of *orksheets, all stitiewts

vtll do worksheet SI as a class. You ,S411

need a pair of scissors and brass fastener.

.1

Activity A

Have the children tear out
Worksheet 51 and cut out
the circular slide rule from
it. A full-size copy of this
worksheet is on'the next
page After cutting out the
two ciroles, each child
assembles the slide rule by
placing the smaller circle
on top of the Larder one and
poking a small brass fastener
through the centers. Tell
the children to be sure the
centerof one circle line
up with,thd other before'
inserting the brass fastqner:
Also tell them nOt to poke
too large a hole with the
brass fastener. If the hole
is too large the number
scales on the two circles
,won't line up properly.jr

6

a
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Worksheet 51
Unit 27

Name

Circular Matiplication Slide mile

N N
/ 0

/

57
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Here is how to use the slide rule to multiply. To multiply
8 9, find 8 on the ouTide number, of the large circle. Turn
the small circle until the arrow on it (by 10 and 1) points to
the 8 on the large circle. Now find the 9 on the small circle.
Follow it to the numbers on the large circle. The 9 points to
the product, 72, on the large circle.

A. Find 8 on the large circle.

B. Turn the small circle until the arrow ( ) points at the 8.

C. Find 9 on the small circle. .

D. Find the product, '72, on the large circle.



Have tha children work a few multiplication problems while
you check to see if they are using the slide rule properly.
On most problems, the product will be the small number on
the large circle. But with some problems, such as 2 3, the
product is 6 and not 60. Single-digit products are read from
the large numbers on the large circle. Give the children a
problem where the product is a single-digit. Tell them that
when their slide rule points to two numbers on the large
circle (such as 2 and 20, 3 and 30, 4 and 40, etc.), they
nust think about that problem to decide which number is the
product.

Using this slide rule the children can multiply the basic
tiolication facts and several combinations of 1 through 9 (on
the large circle) times 1 through 20 (on the small circle). If
the children try to multiply 9 20, the slide rule-will point to
18 on the large circle. The product is 180.

Activity B

Have the children complete Worksheets 57 through 54 inde-
yendontly or with partners. Worksheet 95 is for fast workers,

. orksheet 52 the students use their slide rule to find the
product of multiplication problems. (Have the children save the
. :ute:,. to use whenever they need help with multiplication.)

'` 59
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Worksheet 53 reviews the commutative property of multipli-
cation in the context of arrays.. The children do not use
their slide rules for this worksheei.

Worksheet 54 also reviews commutativity in multiplication
problems. The students work problems such as 4 7 = 7 4
and AA BC = BC AA. The children do not use their slide
rules for this worksheet.

Worksheet 55 is 'for fast workers. It involves multiplication
problems using the slide rule. One factor in each problem
is a ,2-digit number. There are twc bonus problems: 6 20
and 9 - 20. Using the slide rule, the children will locate
12 and 18 as the products. The ucts, of course, are
120 and 180. Perhaps some child'. will realize that 6 20
could not equal 12 and 20 cou not equal 18. If they
ask you about this, tel em they are correct the products
are not 12 and 18. Lead them to figure out the correct pro-
ducts.

rM
f )
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Lesson 9: PARTITIONING ARRAYS INTO TWO SMALLER ARRAYS

I
The children use the terms: addend, sum, factor and product.
They.rqpresent rectangultr arrays in a form without internal
divisioni: 4.4

The students partition rectangular ariays into two smaller
nictangplaf arrays: 2 2

202
MATERIALS

- Worksheets 56 and 57 (class discussion)
- Worksheets SO-61 (independent)

PROCEDURE

The children complete Worksheets 5.6 and 57 during the class
discussion in Activity A. In Activity- B, the students do
Worksheets 58 'through 61 indOendently or with partners.

Activity A

Write a pair of factors such as 3,5 on the.
chalkboard and ask a student to draw a rec-

. tangular array to represent that pair of fac-
tors. He should-draw one of the following:

Label the array and have another .student write
the correct multiplication sentence near it.

3

5

4 .
I

S

.
3 5 = 15 . .

Leave this on the board.

VJ

5 3 = 15

63
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ad*

Suggest to the children that they could jail* time in,drawing
arrays by using empty rectangles that have been properly
labeled to represent the.arrays. Put some examples like-the
following on the board.

2

2

4
I,

e

could be
represented

could be
represented

or

4

2

4

A

Refer back to the original array and ask how
it would be redrawn as one large rectangle,
labeled to represent a reptangular array. Have
a child- redraw it. .label the parts, and write.
Ai multiplication sentence to describe it.

Give the children a
few mintues to com-
plete Worksheets56
and 57. - Discuss. the
worksheets as a group
when everyone has
completed them.

la Um 6666 lama irm ail 66

66rksam as 6616614.

All gotuilmats sill As 94,661asts 96

end 9/ 6664966.

Om yes 1411 Os 11/66986661.1 041

616616 Web s 110/9/1.

a-
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3

#011. and label Ibis array

*rite the ettitinit.stinn sentence

3

4
10.44 I

3
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Activity B

Have the children. complete Worksheet 58 as a review of
addends, sums, factors and products; before they begin
this activity.

Draw and label this array on the chalkboard. Then Wt.
the children if they can partition the allay into two
smaller rectangular arrays:"

3

5 L.

By partition, we mean to "break it down" into smaller rays..0

You do- not -need to-give thp children any special definition
of "pa'rtition." They should He able to pick up the meaning
by the way .you use it in sentences.

4%

Let the children suggest ways to partition the array, and
then have a student draw his solution on the, chalkboard. Ke
should label the parti of The array and write the correct mul-
tiplication sentences.

This is one example of how the array could be partitioned.

4

3 4

= 12

3 1

=3

Have the studentsiturn to Worksheet t9 and give them five
minutes todraW partitions of the 3 x 5 array into two smaller
rectangular arrays.' They shotild draw all the possible par-
titions they can think of. You may wantrto: have th9m work
wIth partners

When the Ohildrert are finished, let individual children come
to the chalkboard and write their solutions. If some children



1

did not find all the possible solutions, have theM copy
those-from the.chalkboard onto their worksheets.

Ask trio students .to determine the total number.of elements
in each partitioned solution of the original 3 x 5 array. One
way to find the total number of elements is to add the.products
of thi multiplication. sentences represented by the two smaller
arrays.

3 2 4

3

O

9

3 -

=6

4' la

C
3

.3 4 3 1

=3

12 +3 =15

stu-l-nts should notice that seven when the original
partitioned into several different variations of

two smaller arrays, the total number of elements in the
1.3, remains the same.

iv' the stlidents work with partners to complete Worksheets
in,: 1'1. They should partition thes'e arrays using the pro-

ciove_,IopfH in this activity. On Worksheet 61 the
the total r.urr.f)et of cleme'nts in eSCh solution.

71;
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Lesson IO: WORD PROBLEM GAMES

',Word problenkcards are, used in this lesson to provide practice
1, with multiplication, addition and subtraction. The numbers in

the problems have been Omitted so the problems can be varied
to suit the needs of %different children. The game should be
introduced in this lesson, anthen played whenever the chi'

"s, dren have free time. .*

MATERIALS

.

Worksheets 62 -68

V

dice numbered 0-5 and
-4-9 'or spinner and discs

scissqrs.,4paper and pencils

PROCEDURE

I

The arithmetic word problem
cards are'on Worksheets 62
through67. Each deck con-
sists of 36 word problems in-
yolv.ing multiplication,' addition,
and subtraction. Have the lhildren tear .out the worksheets
and cut up.the'Cards. Works heel is a page of blank cards
for ich child -to make up his own problems later, after the
child ens have played the game ,a few times.' Each child may
wish put his initials on his,aards and store them in an
ercelope when not in use.

The children can generates-numbers for the word problems i
several different ways. Here are some suggestions.

1.-AE h child preVres'about twenty slips of paper by marking
each 'ne with a "umeral from 1 to 10. (Later,. larger rnlm-
bers can be used.) These are placed in a box. Then the
numbers for a particular problem are selected by drawing
two of the lips .

-
2. Makeup lists of numeral pairs. This way you can control

the combihations and provide numerals appropriate to the

-I Si
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skills of different-pairs of children. The numbers for a
problem are taken in sequence from one of these lists.

3. Use the game spinners and mark them with appropriate
numbers. Each child in a parr spins once to obtain the',
two numerals for a problem.

4. Throw a pair of nice to obtain the numerals. At.

3. Let the children choose their own numbers.
fife

To introduce the game, have the children work with partners.%
Each pair Uses one deck`i3f cards.' One student shuffles the ",
cards and .puts the deck face down in front of them. The other
student turns over the top card. Then both students read the
problem and decide if it is a multiptication addition, or sub-
traction problem. Then one student generates .two numbers
in one of the ways suggested above. (If a card.involves a
subtraction problem, they must usp the numbers-in d certain
order. On mtvitiplication and addition.problems,.they should
use the numbers in the order generdted.) Using the numbers
they generated, each student in the pair writes the appropriate
arithmetic sentence. They compare their answers. Therr the
s-tudents turn over the next card and follow the same proed4re.
!lave each pair go through the whole deck in this manner. On
the nrxt page are-three examples of what the children should
rlo with tho

82
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'card:

I feed the cat next door when his family
as away. The cat eats
food a day. If tha family is gone
days, I will have to give him cans
of food.

I bong* pounds of sitigar and
pounds of flour at the store.

I could hardly carry it home because
altogether it weighed ry),.ncis.

4

e

:7

the
s, now "1-.,!yr y left. '.4.1/

;et rid of that cat.

4

Air .4' v

,Z

numbers generated and
sentence for each prob14m:

aft

3 and 7

3. 7 = 21

5 and 9

5 4- 9 14

`4 Ind 8

R 4 4

71
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When the children understand the ,,,lord problems and how to
write an .arithmetic sentence from a \eroblem, have them play
some of the following.variationS of the gam,-. The children
can also make up some of their own problems on Worksheet 68.
They should make two problemseach evolving multiplication,
addition and subtraction.

%/ illations

1. The children can play with partners, taking turns drawing
a card, generating the numbers, writ* the arithmetic
sentence, and solving the iSroblem. The child who gets
the most correct, wins the game.

.--;,./eral children can play. One child ata time draws a
card, generates numbers, rites the sentence and solves
that problem. The child who gets the most correct, wins
tee game.

3. P rtners or several children can play with the rule that
they cannot write down the sentence, but must do the
computing in their heads.

.-.;,,f-eral children can play only with those cards each child -

141.-E. up himself.

The children can play any of the above variations using
larger numborc.

The children shouil thine .., of their own variations,.
I xpl tin these to otne: memiy::ri of the class.
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Less on I I: PARTITIONING ARRAYS INTO. SEVERAL SMALLER ARRAYS

During a class diScussion the students partition a rectangglar
array into as many smaller rectangdlar arrays as possible and
then write a multiplication sentence for,each smallerarray.
They find the total number of elements in--the original array by
adding the number of elements in each smaller array.

MATERIALS

^ 14% orkshe et 69 (class discussion)

PROCErSURE

Draw this rectangtax array on the chalkboard, making It large
enough for all the students to see.

- 3,

4

PARTITION THIS R TANGULAR ARRAY INTO MORE THAN ONE
SMALLER RECTAN LAR ARRAY. LABEL EACH BMALLER ARRAY;
WITH A NIIILTIPLI ION SENTENCE.

-
tne students propose as many solutions as-they can think

of. They will probably suggest solutions that involve parti
ti.oni.ng it into two smaller 'arrays. If np one remembers that
you said "more than one smaller rectangular array," repeat
the que3tion. Lead the children to realize that "more than
one" does not limit them to only two. Ask several volunteers
tn come to the board,ard draw their solutions. Each child
:-hould redraw the drigin'atrray and partition it with his

olu inn. H,2 Should also write a multiplication sentence in
trray. Some solutions are.shown on the next

P t7'

11

flo
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After each solution has been drawn and labeled, ask other
volunteers to find the total number of elements in each original
array by adding the number of elements in each smallei array.

t5

2
3

f2

2
I

i

.4
2'
2

*12

:
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When the students have discussed all the solutions they have
found to the array prolem on the board, have them pair off
and turn to Worksheet ;9.

Each pair draws a rectangular array. Then they draw as many
partitions as they can for that array. They label each part and
write a multiplication sentence in each smaller array. They .
add the elements of each smaller array to find the total number
of elements in the original array.

-Give the children 10 or 1.5 minutes to do this and then discuss
their work. Some students may 'want to draw the original array
and a couple of solutions to it on the chalkboard. The students
shou'd realize that the total number of elements in each solution
is thetsaml;because the original array for each solution is the -

s _tme

ti
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Worksheet 4.0

LrIt 27

I lama Distus.ion

Naar

In tht..ee....st there Is mitt' one worksheet

All students .111 do this worksheet together.

(.II) theme a partner. 'You and your partner draw

a revtangular array. You each draw the rage array.

- Draw ymors at the bottom of this page. Your

partner draws Ala at the bottom of Ala worksheet.

After you draw the array, turn to the next page.

ork.her tont 1.ue4 '

Nr0 .1res e. LO part it t.4.. e. V0.11 I AO ft.r 11w

Irret D, I. fr141, Ar1.1 ate vest p.ar

1.001 eat h tihrt the

4 rfr t 1141 i p7.. i 1141 , .trn. r iii re. +Nal trr

the t,q.;4pher rirmr0. fo rd,h
"rat arras

%

I

e
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Worksheet 6 IcontInuedt
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es =on 12: MULTIPLYING WITH MORE-THAN TWO FACTORS

St r'fents multiply more than two factOrs to illustrate the
(3S ociative property of multiplication. The independerit
,...,.orksheets provide practice with the multiplication facts
and also with multiplying multiples of 10, 100, etc. by
single-digit numbers.

MATERIALS

Worksheets 707 75 (independent)

PROCEDURE

Have the students complete Worksheets 70 through 75
independently or with partners.

'Multiplication is a binary operhtion. This means that only
'two ::embers of a multiplication sentence can be multiplied
at any one time. In this problem, 3 2 4, you multiply
3 '2 ,(equals 6), and then multiply 6 4 to get the product
of the three factors, 24. What happens if you first multiply
2 4? You et 8, and then multiply 3 8 to get the product
of the three factors, 24. In both cases, the order of the
factors remained. In one case, the factor 2 was used in a
lanary operation with 2. In the other case the 2 was used
with the 1. This difference i3s illustrated with the follOwing
sentences. ) .0.

( 3 2) 4 = 24 3; (2: 4) = 24
00

rhis pr4erty of multiplication is known as the associative
propert: (a h) ; c = a (b r c) . Thti associative property
3tAte5 that if you regroup or reassociate the numbers in a
multiplication sentence, you Atli get the same product.

..(

On Worksheet 70 the students are introduced to the use.of
pacenthr'scs in a multiplication sentence. They are told to
rr.,..zItiply the part of the sentence in parentheses first.'

9'

I
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/ will d 6,rw,t.wt, 70-75

.710/W or th portiwr

hork.heet 70
Init 27

tame

Lunt at .tIltrlice 2 13. 21

'hen you are t 1 In 'enteric*. you should

do that part of the sentence first.

4)(11 at this sentence. 1 14 21 44

iiht,11 number* do you multiply first74_andl__

(:) Old you rste diand 2? These are -the Members
you multiply tint in this sentence:
3 . 14 . 21 34.

(:) Oblah numbers do you amitiply first In pose
sentences? r/t, the numbers in the blank.

2 t3 S) = ao 1 tint ma1.1t1p1y101_11meal.E.

It 31 4 .-12 1 first multiply

(:) rite the product of I I 'of lch sentence:

12
t6 21 3 = 36 the predugt of 441

5 12 31 . 30 -11--1s the product of 1241

0 In number 4 above. the stoner; are: 3 ttmes.S

and 1 times 3.

In number S, the answers are: 12 is the prodw.t

of 16 21 and 6 1..the product of 12 31

si

On Worksheet 71 the stt.siehts study the associative property
of multiplication by replacing ( ) in a multiplication
sentence with a single number.

***

On Worksheet12 the students multiply (a b) lc and (LP c).
Tha value-sof a, b and c are given. Students who havk diffi-
culty may want to assign numerals to the a 13- c parts of each

It

sentence.,

OrLiNorksheet 73 the students take a factor', such as 20, and
rename it as a pair of factors, 2 10., Then a pair, of factors,
'5uch as 3 20', becomes 3,4 (:2 10) ...he stuernts.also'work
Problems stic as 3\ 2 = 6 .ind 11.020 =.60 without renaming
the 20 aS ('2 . 10) .

Worksheet 74 gives more practice w ith the associative prdp-.
ert, by regjacing the ( ) part of a sentence with a single
nuir.ber:

Worksheet 75 reviews the properties of multiplying by 0 and
and the commutative property of multiplication: a b = b a.

9'4./

,
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.
8 24.

t3 21

.
6

4

4
.

2.11*,

i2

i 2

i 3 2+

I 2
12 3) 2

2 12.

4 I` 2

4 .2
,2 \-.?

. ......4.

15

.... 1_

. do

''

4 It 21

t2 21

A___

2

2 1
.

2

2

(2

L

- lt . 5

6 . 5 30
......_ .

2 - .3

2

51

lorkeheet 71 (continued 1

t
Creep out 1 ` Land replace mIth one numeral.
Also till In the missing products.

4-.....,
6

2 1:1;.).4)
12

4 24

12. .
(4X31 :2 =I-

44
(3>(21 .. 24 1_4`

0
(1)4)

. 1 YOX71

; A
( 44: 3 = IL

6
1 (z X31 y ._= _9_

2 13

4(2*

0

N

.
... 2 .1

2
,,7 ,

13><31 .

ItX31 4 -

21
t7

a.

.

C. -1; .

I

A

81
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4eP14 e 1,114,40, ruurrai'

4(6111 to the wank.,
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'as 6 11.4teulapatu etw'oodure ID 1111 1;1 41;1

411 11
, 4 e ' .
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f 2 3 to ; ,6 it) - 60 2 . 30 = 60

4,.44 . hl - t , a
,.1.

4-
'

.e Lsz tg! 3. akr

4

10

is

to IZ Lo Ito

lo
to lt

A. le, i2.0
74:". 1 fb 0

,4 2.2.9.! 12°

A
2 4

i
0414, 1.6,

- 2. C a th .3

4 2 ,10 it.. ro; fro1.4,) kg

to.

-4
1111,11rt 74* 1.ontinucds

N0» tr.; the-0.,

Compare the product In each .column.

4

4 b la hi . 7 a lb 0 7

-

2 5 , 10 J_Q_..1_Q_ =1.44t ..2. _fa - 100 .

"3 5 10 15 .10 -15'0

4 5 10 211 10 -200

2 6 10 AI IR 10 -120

4 6 10 1 /i IL). -240

7 i 10 y 111...111
--e- it

IL:Pt. 4_423 1 S 110

-f
9 ! 10

2 ' 3 1 10

7 *, 3 110

.1 1

40

2- . 70 d12

3 . 10 270

2 30 40
3. 30

e .
I

t 1i 4
/1 . ,

Ii , 11,. 4,3,

1 .4
4--

12
I

I 2)

1 247

At

I--~
4 1 + .;

12 1' 1'2. i
_ _

23 1 23
247 1 2.1.7 '

Worksheet 75 IcontInUedl

If you have 0 condttl4ts and 7 plants, then you can

make C) 0 tests on the plants.

If you have 1 condtloln and 7 animals, then you can

make or1 7 tests on the anamts.

12

0 76

0 214

h. Yt

12 0

7h 0 0
214 0

'Fill In this chart:

. 0

I;

0 CI =

0 1

1 o 0
1 1

,' t !' rim 0

.tt, 4 00 "t 4-01. no.. 1666

11 t1. i .. 1111. 4 thit 4 tt 3, roe, 1hro.

1 4 13.
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DEVELOPING THE MULTIPLICATION VERTICAL ALGORITHM

PURPOSE

In this section the students:

Continue working with the-multiplication algorithm using
arrays. They match parts of multiplication sentences to
corresponding parts of arrays. They multiply two-digit
factors using arrays.

Learn to rename a -digit factor as the sum of two .smal-
lerjactors.
MulliLly one- and two-digit factors in vertical form using
the.mtritiplication algorithm.

COMMENTARY

This section of the unit develops the vertical form o: the mul-
tiplicationalgorithm. The students complete many of the

. worksheets independenttbr ivith partners; other work is done
--in class discussions. .,--

Lesson IIIntroduces an algorithm using arrays. Rectangular
arrays illustrate how a two-digit factor can be-renamed as the
sum of two smaller factors. For example, 3 12 can be illus-
trated with an array and rewritten as 3 (7 + 5)" or 3 (10 + 2).

In Lesson 14 the students multi-
ply two-digit factors using arrays.
They work problems where both
factQrs are two -digit numbers .
Again they rename the two-digit
factor as the sum of two smaller
one-digit numbers. The students
fill in rrissing parts of multipli-
cation tentences that correspond
to parts >f the array.

9 "
87
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A

Lesson 15 introduces the vertical
algorithm. Arrays are used to
illustrite each step of the algo-
rithm . The students add in ver-
tical form the subproducts of par-

- titioned arrays to find tne, total
product. They draw arrows to
match parts of the partitioned
Mary with parts of the problem

writLen in vertical form. As a
c sicdiscussioreyou introduce.
the procedure of multiplying
without arrays.

In Lesson 16 the students use
the vertical algorithm to work
problems where both factors are
two.-digit numbers. The work-

. sheets are .completed as a class
discussion with you illustrating
the work at the chalkboard.

Lesson 17 provides additional
practice in using the vertical
multiplication algorithm. The
students match parts of multi-
plication sentences and parts of
problems written in vertical form
to parts of arrays. The lesson
reviews concepts introduced
earlipr in the unit and provides
practice in multiplying with the
vertical algorithm.

Af this time you may want one
group of students to begin the
job booklet. While one group
of students does the job book-
let, the others can der the work-
sheets in this section with your
assistance. (See the Notes on
Teaching this Unit in the unit
introduction.)

r.
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Lesson 13: INTRODUCING AN ALGORITHM USING ARRAYS

The stud.-,iits determine an Supper estimate and a lower estimate
for a range of numbers that contains the product of twc factors.
Rectangular arrays are used tov2ievelop An algorithm for the
multiplication of whole numbers. The qudents rename one
factor as the sum of two smaller Iptors.

Mon your tcaciter telfk you. you

(an do Vorkoivieto 76. 77 end 71

alone or with a partner.

:MATERIALS

- Worksheets 76-78
(independent)

Worksheets 79 and 80
(discussion)

PRbCEDURE

Have the students -

'complete' Worksheets
76, 77 and 78 alone
or with partners.
When, Rost children
have completed these,
discuss Worksheet 79
as a group. Then have
the children complete
Worksheet 80 and dis:
cuss it.
4r

Activity A
Worksheet 76 presents the idea that, for example, 3 5 is
greater than 3 4. If any students have difficulty with this
idea,you may want to.discuss more examples before the
students continue the independent work. The students de-

r terming. An upper and a lower estimate for a pioduct of two

89

.



4th. h sister' 'fir.le tultthtt. ,t teat

nrontr r..h ;air

Iw4.ir S 1%, r 9 7

I 1:1 In .the hlertig.

I -/2" 37.5' 457 3 "" 1. areater

5 2 10 *4*.nr-7 _4_1. greater

.9 ? Al .0 4 q1. greater
.

1 7

/-
I 3. I. than . 7 3

tz. are.ter than .1 7 3 10 30

.o the prockhr or 3 7481.1.1 he greater than 13 and

%e.. than 30 -

3 7 01.1 fall fn thl.. lnlrrtwl

3 1, 9 12 1"3- 16 21 24 27 10 331

lork.hret 77
tent

F111 in the himtka flftlk.1

%ate

I
a 10 30 r,.... _ --ar._._ .

i.-..._
/ 20 ii6- . an 30 40 30 60 70 60

W. 3 14 mu. hr vrrater than 11,61.,

. and 1.'", than 17U

r-
zi1/2 40

ter
F,-

20 4 30 40 30 (.0 70 60' 90

S.. 20 3 9u.t he greater than
and $r.a then to

100 3 3110 4
XII 3 /04 aon 700 400 son taxi 700 SOO 900

3 w.f.' hr greater than APP.,
std I.'. than '00

2 11 22. _
a JO 21 22 21 24 21 26 27 ZS ZM 30 31

S 1 Iter 72 -
4 ft, than 10

00

Itorksheet 76 (tont Igo 'X

6 4 6 fall, in the. %aerial:
1111/11SNIN< 4

0 4 II 12 164 . 5 20 20 24 20
4 7 , 211

So 6 ant.t ha. greater than
and le. than 111r:

20

Fill In the blanks. Darken !n the ntera1

9. 3 S fall. in thin

mon01100WWWWWW1120
3 = I t t>
3 10 t.2 12 15 10 '211 .34 27 38

So 3 S alost he greater than
and' less than 3 0

/

7 7 7 7 falls 'otitis Interval:,

7i y MEMO
- S6 < 11412 :8 517 6 70 77

So 7 7 must he greater than
and te, than JR

r

factors. For example, 3 7

is greateithan 3. 5, but is
less than 3 10. So the prod -
'uct of 3 7 falls between the
products of 3 5 (15) and
3 10 (30) on a number line.
The students find the interval
(range of numbers) that contains
the product ofwo factors.
(This worksheet does not raise
the question of shortening that
range.)

Worksheet 77 contain's more
problems where the students
must fidd the range of numbers
that a product falls within.

'4
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Worksheet 78 uses rectangular arrays to introduce an algorithm
for multiplying whcte numbers. One factor is renamed as the
sum of two smaller factors. This algorithm is a helpful tech-

. nique the children can use to multiply numbers greater than
the basic multiplication facts. This worksheet involves num-

. bers less than 10 where thealgorithm is probably not needed,
but may at times be helpful. Foi example, gthe students probt
ably know that 4 -11= 32. But if they should forget the prod-

- uct of 4 8, they can use the algorithm and write the problem .
as. (4 5)- + (4 - 3).

0444stamet -
'Unit V

4 $:

4 = 4 13 31

4 = (4 3 14 31

4.0= A a
4 i= 30

6 6 =

6 i = 16 41' 16 21

G. 6iis 36

3 =

3 * i3 3) 13 31

3.i: /5 q

*1.
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Activity B

4_

As a group discuss the top half of Werkshedt29. 'This con-
tinues the Multiplication algorithm developed on the previoui
worksheet. Two methods of partitioning a two-digit factor
are shown. The factor is 12. One method is to partition it
into 8 and 4. Another method is to partition it into 40 and Z.
::o dffort is made to suggest that one way is befter than the
other. Have the children discuss both methods. Perhaps
they mfght prefer to partition 12 differently 6 and_46, for
example. Encourage' the students to use the method. that
works bget for them. The students should'see that partition-
tilt: a two-digit fact& into smaller elements wakes multiply-
ing easier.

Have the children complete the bottom half of the worksheet,
These exam les show two methods of partitioning 14. Dis-

, cuss both methods with the chilaren.

IClass pi' scession
fr.

Ilooriewheell 79 Nose
(lilt 17

5
n--

4. I

1,....,

. ' 11 1
L., 1 1

' . . %

4 .
..,

A , 5 . a, 1

.. .
a

, , 0 i e , I

1 ' 4 i .

,..
......,, .,.,

5 q ,

ID

.
.10 , . 4

'V

1 Om

a

Wk

1-



- Give the students a few minutes to do Worksheet -80. The
two-digit actors on this worksheet have been partitioned
into_teris.and ones. When most children-hsve completed the.
Pages, discs their work, explaining.that it is sbmetinies
easier to multiply a two-digit factor by,partitioning it into
smaller elements in a particular ways.stich as tens and ones.;

14.44.414n4et SO*
'Jost 27

Fitt In the blanks.

'Claes 01 unninn

New

L.

lo al

t 1 lo.Q .2f

10 4 X
If?...

.

't

.6

, a

41

I q

10 giS-

la i
SO

.,- -
.

e * ___

ig , 4

;1:-

llorksluipet lauttlamplit

' % .

, .

,
Os :..

$4 .

36 .
1 4z 1* 10,.9.1.,

30 . 4,

3) 4

is s of- S" I iL5

-11-#_..... -Le
. .

.
,olo c .....

4 440 ; qo L441, 1 10-t.1 0

4

1. f
4 Is

ii /14 .1. P. if) +(it (PI. 4 '.
1

1 . 14 z(1.10+030
.:-%

.
:18

IAA

103

4.-4

4

93
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I essOn 1: NI ULTIPrYING TWO-DIM NUMBERS -USING ARRAYS

\
.In this. lesson the childien complete worksheets independently.
They learn to multiply two -digit numbers by partit ing arrays.
In this process they rename a two-digit qumber a' tvdo smaller
numbers.

MATERIALS'

Worksheets 81 - 84 (i1,i:dependent).

Worksh4,et.'85' (fasi'workers)

In this lesson all the *todenta

will de Worksheets III, SE, $3 and Se.

Students mho sock fast can do

forhaliel SS.

9

PROC UFIE

4

Have the children
complete Worksheets
81 throulgh 84 inde-
pendently orwith
partners. In.Activity
B, you discuss two
worksheets from
Activity A.

Activity A

On Worksheets 81
and 62 the *ideas
do multiplication
problerts, each in-
volving a two-digit
facfor. They use
arrays that have been
partitioned into
smaller arrays. The
two-digit factor is
partitioned into tens
and ones .

ala

.
A

L

Of
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,

hoejtittetet 111G Kw'Utile V .
4.
.411.

Vrill In the, blank' to find the products!

17-. I.
it43,61A

110 21 4141 - =,"_. At: Al

17 , 1 - 10 1,: 14 I
. .I.

. 44
"t

18 o

110 *AI 11

18 S= lig-- 81 1_21:1-1

lbd*

-On Worksheet 83 the students multiply problems where both .

.factors are two-Iligit numbers. In each probleni, a large array
is partitioneslinto four smaller arrays of tens and ones.

On Worksheet 84 the students must partition each array them-
selves,. and then use the arrays to find the product of each
problem. 'In'ttie first problem only one factor is a two-digit
number. In the second problem bdth factors are two digit
numbers. The students can partition the arrays in any way
they want. Haye the Students save this Worksheet to discuss
in Activity R.

105

il

95

t
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Worksheet 11.` barA.
Lril 27

12 IS-

10,,. ' 1 *,
, a

Iva .

IP

12

2)

IS

110 SI

101

t

r.
i .. . ;

10 - 10 ' ! 3; 5 !
a 0

.11
,,, leo

j W.) i

2t 2 10 =-7,i01;-17171;14

.14

.

12 IS = IMO 101 110 Si 42 .10I 421- 51

4

./00 ID

,7

- '

Pf ".

oP.

Oorksheet 44
!nit 27

.

Same

Partition this array into smaller arrays. F111 in

ail.the blanks. 'Find the product of 3'13.

morksheet 113 .1..ontimmedl

14 IS /

4

10

a

.,.111111

10 10 100 id 9 10

cr 0 goy 11."..31.

110

14

41

1

1,

410 $1

Fill in the mullitilicailon-ventences in the array. .

Then finish /Cis problft.

14 ..1! . 110 7 Milt 1/0.9 f Al. pp, .41

io 41 . .341

. eV, lo

a

V

3 13 7 -

a.

Worksheet 114 (continued)

Partition this array into smeller' arrats. Fill in

all the blanks. Find the product of 11 111.

II 18 .
I-

tars
8

to. 8/0 13
,fr -3

3L ;01: 30 33

3 13 a 13 I 13 3

.4. f

i 0 3
3 1.--__. /

3 0

39

f_ r t. Se Lie 1-4./ 04 t scakyS

r a rit e r y

I Is :=

I. Ir = Jr

II /4)*. sl 18 Er 1
S

o la , to .4 1 1 / Id) I i )
"

/41 0 , 1'cr , 10

ig
.
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Worksheet ISS
Lott SA.

IR 362

1/

East Workers

Use

.

. ..
- so ioo .Z4_100

. ,

. "......

so WO 411:41

,

so . a
. e

7 XX) aloo
7.--

.....

60.14,Lto 7 2
.: 04....._

4
/

Worksheet 85 is for fast
workers. The Problem
on this page involves.

" multiplying a two-digit
number by a three-digit
number. It may help to
tell those children who .,
try this worksheet that
,80 ..300, for exeipple,. .

can be found my .multi-
plyingi 3 and writing
three -zeros:. Have all7

children save this
works het. whether Or

ty r.o 1,2 not they have comiileted
. /' it..
'ro '1 In?

,141.09,41)..11.00 '1149 ;_1640

31149,4

1*.

ADO

/

Activity B 8

For additional practice, you may want to spend a second
class period on this lesson to discuss Worksheets 84 and 85.
Have several students draw their solutions Xo Worksheet 84
on the Chalkboard.

Draw the array from Worksheet 85 on the chalkboard. Not all
students will have done this worksheet but encourage all to
help fill in the blanks to the problem The students shpuld
see' that when a multiplication problem s roken down into
small parte , it s not as difficult v it fir -t appears.

1. 0 ."

1.4

4

47
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Lesson IS: INTRODUCING THEdERTICAL KLGORITHM...

As a class the s tudents begin writing the,veitical form of a
multiplication algorithm. Atrays are used to Illustrate each
step of, the algorithm. Worksheets provide the material for
the discussion: You may need to spend two class periods
on this lesson.

?MATERIALS

I

Wocksheecs 86 -90 (class discussion)

' In thtit\ lesson all the sorksheets

'tit be done together as a class.

The studen \e will do Worksheets

.1111, 47, IS harp l0.

tt

4

1.0

PROCEDURE

Worksheets 86 through -
90 should be discussed
as a group: 'As the
students proceed
through the worksheets,
illustrate and explain
the work- ax the chalk-
board.
7

The students first work
with one,- and two-:ctigie.'
factors, but can work,
with Merger numbers
ivh'in they understand
the procedure. On the
next page is an example
pf multiplying large
.numbers by ;using an
array and then the yew-
-tical algorithm.

.4

.

'4
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This example shows how to multiply-large numbers using an
array and the fertica! algorithm. -The students use the same
procedure with one- and two-digit factors.

Write a multiplication problem using large numbers: 97 239.

Draw an array to illustrate the problem. Partition the **ray:

200 30 9

....-
90 200 = t6,000 90 30 90 9..

=2,700 =810..

e 7 - 30' - 9
-7 20C 1,400 = 210 = 63

(D Writ6 the vertical
.. , algorithm that

. . sdives the
.problem. .

4cirl

.
10D

4t

18,000

,i2, 700

=

=

90

90

200

.C)

810 = 90 9

1,400 = 7 200

21.0 =` 7 : 30

63 = 7 9

23 , 183 = 97 239

99
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Worksheet 86 reviews the procedure of adding buberoducts of
partitioned _arrays to find the total product. These subproducts
are totaled in vertical form outside of the array.

On Worksheet 87 thestudents draw arrows showing the associa-
tion between part of an array and part of a multiplication algo-
rithm. The students also fill in missing parts of multiplication
sentences. The vertical form of the algorithm is shown in each
problem, but nothing- is said about it to the students at this
stage.
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flt

eartahaet 2$
taut 21

%loot

%Aar

!(!) Warr Ili an array for 3 3$

1 It it partitioned Into?.tria. and one,

I fill in the product for eath oultiplitation

sentence 6

3 277,

,A) add the toe prodwits to eat the total prodtijt

30 4

3

Hare it an array for S 47.

It is partittolled trio ten, and onett

1

*rite oultiplication 'entente In each ,.sailer

array 40 7

S' 40 z- cl 00

d71 Add the product of rash coalter Arra), to iiet the i

total produti 40 7

S

orhsheei $7
roll 27
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%awe

pros arr... fro. the part of the array that
matches the part of the oultiplitation retard.
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70 3 26
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390 S 70 1

305 S 77
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Worksheet 88 should be worked and
discusied wraith the whole class.. This
worksheet moves from the array direct-
ly to the.4nultiplication algorithm., Be
sure to emphasize the-meaning of each
digit and where each partial product
comes from. You may want to refer
nack to the array often, to show how
our mechanical means of multiplying
corresponds to the array.
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Worksheet 89 provides practice
in using the algorithm. You
may want to help the students
get started with the first prob-
lem...

Speed and skill in using the
multiplication algorithm come -
only through much continued
practice. If you decide that
great skill, in using this algo-
rithm is important for your chil-
dren, then you will deed to
provide daily practice of a

\ problem or two throughout the
remainder of the year.

Worksheet 90 provides advit-4
tional practice" in multiplying
a.two-digit factor by a one-
digit factor using the vertical
algorithm.
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Lesson THE MULTIPLICATION ALGORITHM WHEN BOTH
FACITORS ARE TWO-DIGIT NUMBERS

As a class the students continue studying the vertical algo-
rithm . They worleprob ems where both factors are two-digit
numbers.

MATERIALS

- Worksheets 91-93 (class discussion)

- Worksheet 94 (independent practice problems)

PROCEDURE `

Worksheets 91, 92 and 93 should be completed as a group.
Illustrate the work on the chalkboard as the students read
and fill in their worksheets. Allow them. time to work part of
a problem before the answer is giVen. Worksheet 14 involves

practice. ^ Jblemsand test prob-
lems liar to what the children.

I'
In thi4 lesson all student, 1.10

"do forks/feet, 914 92 and 93 as a class

discueeton. _

itorkshoot 94 les severolloompil .
cation ',kale* problems ond,toot prob-
lem. Tow will do a rev problem each
day for one week.

.

Da not do the problem esi IlOrkoheet

OM until your toothier tel ism to.

104 11 46

A

did in nit 24. The students
should do the? practice problems
each day before class time.
Then .give them a few minutes
during class to work the test
problem9/.\ The answers should
be posted lo the children can
check their work.

1

Worksheet 91 introduces -the stu-
dents to the procedure of multi-
plying two .Z- -digit factors. Go
through the worksheet with the
Studonts, allowing them titme to .
complete each step before the
answer is given.

ti
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Workstiect 92 provides
practice with multiplica-
tion in the vertical form.
Let the students complete
one problem at a time
after each is compteted,
let students explain the
steps.
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Worksheet 93 is two pages of multiplication problems where
l'othfaetors are two-digit numbefs. Give the students time
to complete the problems, and then discuss all problems or
just those the students had trouble with.

Worksheet 94 should be used fOrfive days. Each day before
class,-the students complete lioth practice problems. Post
the answers so they can check their work before doing the
test problems. Then give the students a few minutes to com-
plete both test problems. Put the answers on the chalkboard
so the children can correct their work and keep track of their
points. You may want to make up similar worksheets so the
children can have daily practice in multiplication using the

vertical algorithm. She children can use scratch paper to
-the practice and test problems.
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Lesson 17: MORE WORK WITH A VERTICAL ALGORITHM

On independent worksheets the students match parts of multi-
plication sentences and parts of prOblems written in vertical
form with parts of arrays. Several concepts introduced earlier. /
in the unit are reviewed. Worksheet problems ptovide more
practice in multiplying with the vertical algorithm.

MATERIALS

Worksheets 95-97 (independent)

- Worksheet 98 (fast workers)

- sheets of paper
.1

PROCEDURE

In_Activity A,the students complete Worksheets 9S, 96 and
97 independently, or with partners. Fast workers can do Work-
sheet 98. In Activity 13 the students make up their own multi-
plication problems using the vertical algorithm they have been

'studying.

Activity A

On Worksheet 95 the students match parts of arrays with parts
of multiplication sentences. The students fill in missing
numbers in. the horizontal form of eachproblem. This work-
sheet emphasizes the-.horizontalsand vertical forms for record-
ing a multiplication problem.

On Worksheet 96fhe students also match parts of arrays with
parts of vertical-form multiplication problems. -

110
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Worksheet 97 provides a review ofsevera.I concepts presented
in this unit. These include: multiplying by 0 1, 5 and 9,
and multiplying two-digit factors in vertical form.

Worksheet 9,8 is for fast workers. It introduces the students
to multiplication by "a factor that is not a whole number. Ar-
rays are used to illustrate the procedure.
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Activity 8

When the students have completed the independent worksheets,
have them find partners and create their own multiplication.
problemi on blank paper. Encourage them to-inultiply nurobers
as large as they can using the vertical algorithm. You may
wantoto have each child put a couple Of his problems on the
chalkboard for the other children to try.
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CARTESIAN PRODUCTS .1
Arrom

PURPOSE

In this section the students:

- Continue the work with Cartesian products that was intto-
nuced in Unit 25. Story-problems and worksheets provide
situations where finding the Cartesian product-is desirable.

- ReView rect,Pngular arrays and multiplication sentences.
The students use .multiplication sentences to find the Car-

. tesian products of disjoint sets. They partition larger
arrays into several smaller arrays.

COMMENTARY

A Cartesian product is another interprelatioieof multiplication.
The various ways .of showing Cartesian products give pictorial
representations of the multiplication concept. .A'Cartesian
Product of tWo Sets is the gat of all ordered pairs that can be
made by combining each member, of the first set:with each them :
ber of the second 'set. (This idea is reviewed in the Commen-
tar) to 'Lesson 18.) IS

Crtesian products are indispensable in planning, research prb-;
jects. No experimentafiesults are valid unless every possible
combination of factors is investigated. The ,use of Cartesian '
prOducts enables the experimenter tc,be sure he has notOver-
*looked some combination, of factors that must be Included-in the"
experimental design.

Letson 18 reviews the idea of a Cartesian product..
.
The studentt ..

use intiltiplicatign sentences to determine t e total number of
ordered pairs t at can be Made from two oint sets. You read
and discuss 4 tory-problem that motivates t e children to deter- .
mine the total n mber of combinations of peas and soil that mu
be tested in an experiment: t,

..

1 2 ;'

.

13



.

Lesson 19 includes another stdiy-problem about testing food
for -mice.' The children find all possible combinations of mice,
food and vitamins. On worksheets the students use diagratis,

`tables and multiplication sentences to determine the Cartesian
products .of various sets.

Lesson 26 reviews the concepts of arrays and Cartesian pro-.
ducts on.independent worksheets. The distributive property
of multiplication is reinforced.

114



Lessons18:- REVIEWING CARTESIAN PRODUCTS

Independent worksheets and a story extend the concept of a .

Cartesian product that was introduced in Unit 25..

MATERIALS

.

- red; blue, purple and pink crayon for each child

- Worksheets 99 and 100 (independent)

- "colored chalk

PROCEDURE

In Activity A the students complete Worksheets 99 and.100
independently or with partners. In Activity 8, you reach -arid
discuss the story, "Growing Peas.N

COMMENTARY

A Cartesian product is another interpretation of multiplication.
The various ways of showing Cartesian prodficts give pictorial
representations of the multiplicatiOn concept. A Cartesian

.* Product of two sets` is the sot of all ordered pairs that caRkbe
made by combining each member of the first set with each
membe* of the second set. If the first set is { red, blue )
and the second set is { circle, square ) , the Cartesianpro-
duat is { red circle, red square, Blue circle, blue square.);

Intermediate
- Set A Set B Step-

-red circle red
circle
square

blue square blues.,circ le
square

Pdirs in the
Cartesian product

(red, circle)
(red, square)
(blue, circle)
(blue, square)

The number of members in the Cartesian product of two dis-
joint, sets (no members in common) is the number of members
in the first setltnultiplied times the number of members in the
second set. 'In the example above there are two members in
the first set (red and blue) and two members in the second
set (circle and square), so the product is four.



Cartesian products are indispensable in planning research
projects. No experimental results are valid unless every
possible combination of factors is investigated. The use of
Cakesian products enables the experimenter to be sure he
has not overlooked some combination.

The word "Cartesian product,* are not introduced to the stu-
dents af-this time.

M Me most Immo sas
de he usrlidisete. tisw your
Seedier sill rtes/ mall discuss
story NM taw CUM.

Ikea paw easdo 44416 pas.
yaa eat ea 110011rIsoto IMP 1111

111111111111#41411#4
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Activity A

On Worksheet 99 the stu-
dents assign pairs of num-
bers to intersections in a
Cartesian coordinate sys-
tem. They also determine
the total number of inter-

. sections in the coordinate
system by ifultiplying, for
example, the number of
streets times the number
of avenues.

On Worksheet 100 the
Students work two prob-
lems *here they cart write
a multiplication sentence
to determine the total num-
ber of intersections. On
two other problems, they
find that the multiplication
sentence is not true.

Activity B

I Read and discuss the story-problem, "Growing Peas , " with
the class.

12.s;
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I

- Growing Peas

Farmington is a small town in verygoCicl firming coun-

try. There is a large canning company there that cans white

corn and yellow corn; green beans, yellow beans, time beans,
4.

and kidney beans; and different kinds of peas. People in the

conning company test new kinds of vegetables to find better

ones tb*can. Then they provide the seed for these new, better

vegetables to the nearby farmers' who grow the vegetables that
3

are canned.

Mrs. Blue teaches second grade in Farmington. For

three years her classes have had a summer project. They grow

vegetables for their families and friends in a big garden just

at the edge of town. Some children go every day to take care

of the garden.

Last year the corn, beans, tomatoes, beets, carrots,

and cabbages were wonderful, but.the peas didn't do very
I

w 11. This year the class want's to change the peas.
*.s

think we planted the peas in the wrong kind of

soil," said Jane.

"No,111knswered Frank, "I thlrk we used a poor kind

of seed. Let's get a new type of pea this year."

ti

Joe said, "Okay, my father Carl !0-,ip us -'r,cide. He

128
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tests seeds for the canning company. I'll ask him what type

of peas to plant.

Two days later Joe reported. "My tether told me that

they have four new kinds of peas that seem to be very good,

but he isn't sure which would be best for the clam garden.

He gave me a package of each kind.. Each kind of seed has

a name. This one is called*Green Monster, this one Baby

Wonder, this one Telephone Pole, and this one 'Early Emerild.*.
The class was excited about these seeds. "Shall we

plant them all?" Sue asked.

"No," Frank answered. "Let's plant only the best."'

"But how, will we know which 'seed grows the best

kind of plant?" wondered Bill.

After talking about the problem for a while the, class

decided to test the seeds. There was time to do this before

garden planting time.

Jane was shill worried-about the kind of soil to use.
r

don't know what kind of soil is best for pea plants,"

she said.'

"We can try different kinds of soil, also," answered

, Sam. "Ted and I will go to the garden and bring back

samples."

120
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V

The next day Sam and Ted brought, in three pails of

soil. There were garden soil, sand, and clay.. The class

decided they Would need to plant each kind of teed in each

of the three kinds of soil. If they left. out a seed-soil corn-

binationit might be the very best one.

Mrs. Blue said, "Here are ten pots left over from

last year. Will we need more?"
-.

What do you think?

A

A

0

130
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-Suggest to the children that the combinations be recorded so*-they.pjln be counted. The children will most ,likely suggest
listing the pairs on the chalkboard*, e.g. Baby Wonder in.

.sand. They should discover that there are 12 pairs, but as
yet they probably won't ngtice that:

12- i d fin opeas
the number )

;.
the number of
kinds of soil

Explain that another way to find the combination* is by using
a diagram. This is a possibility:

46M0

k

clay

Green Monster
TelephOne Pole
Baby Wonder
Early Emerald

Green Monster
Telephone Pole
Baby Wonder.
Early rjterald

Green Monster
Telephone Pole
Oat/ Wonder
Early Emerald

Of course the varieties of peas can be listed first and each
associated with three soils. Colored chalk may help clarify
the diagrams.

Anftlireruseful met is to construct a table. Remind the
children of the work they did with Cartesian products in Unit
25. They determined the\number of different sundaes they
could make with ice grearn\trd toppings. They also deter-
mined the number Of tests to 'do with three conditions (mois7
ture, temperature and light) on 'ptsants (grass and radishes)"
and on animals (mealworm beetle, siowliug and earthworm).
They made charts for those probltms.

131



a

' Garden
,

Soil Sand Clay

Green Monster . x , x x
, ..

4 Telephone Pole x x I

,

Baby Wonder * x x
, .

Early Emerald x x x
_

it should be emphasized to the children that'in a scientific
- expeAment involving Several combinations of components,

the result is not valid if a.possibilityis overlooked. You
may also choose to discuss the need for keeping other fie--
tors constant. For example, all the pea plints should hive
as nearly the same amount of light and water as possible.

4.

A

132
123



Lesson 19: MORE CARTESIAN PRODUCTS

r'

More examples of Cartesian prpduFts are given- in i story-
problem and in worksheets. The.problems give the students
more ixperience with themultiplieative relation -of Cartesian
products and with the idea of finding all possible combink-
tone of the membeis of sets.

MATERIALS

colored chalk

Worksheets 101-103 (independent)

Worksheet 104 (fast workers)

PROCEDURE

In ActiVity A, you read and
discuss a story-problem
about testing food for mica.
In Activity B the students
complete Worksheets 101,
102 and 103 independently,
or with partners. Fait
workerti-cmi do Worksheet
104; or, you ntay want to
have all the children do it
as part of a class discus- /
sion.

Activity A

Read and dis-cuss the
story-problem, "Testing
Food' for Mice."
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TESTING FOOD FOR MICE

e

.0

Some men'in a big company test food for laboratory

mice. They have two kinds of mice: white mice and brown.

mice. They four new kinds'of food they want to tes t.

So far they don't have names for the kinds offOod. They juat

call them A, B, C, and D. They also want to finalouf,if giv-

Ling -extra vitamins to the mice makes a difference in the way

the mice grow. They have two kinds of vitamins V and W.

How many combinations of mice, food, and vitamins

should the men test?

This problem can be diagrammed in various ways. One way
s shoWn here.. You could draw the mice for a start. Them

children can add to the diagram. Using colored Chalk to draw
the different kinds of mice, food, and vitamins is effective.

.126
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t The result of 16 combinatiohs shouldI ob
Some children may discover that 'his is title

(number of , (number of
-kinds of x kinds of _

mice) - food)

(number bf
x -kinds of

vitamins)

2 x x 2 = 16

d by counting,
use:

(total number
= of combina-

tions)

The formula for obtaining the number of combinations is en
'excellent discovery. The children should be encouraged to
make use of it finding-a Cartesian product.

t,

Activity B
. . . ,-.,.

------- On Wo 01 the studentidetermine the number of cam-
..__._ inations of dogs and dog food-.----Ther drithilin three ways:

-.:,--. a diagram,-- a 'table.., and a multiplication sentence. Their.---,
----------. answer:0-661d be the same_With each method.

4 If

__WorksheetA02_involvet the Cartesian product of eye color
and wing size Ot.fruit flies. There are two sizes of wings
and two colors of eyes. The students write a 'Multiplication
sentence to determine that there are. four different kinds of
fruit flies.

-Ori-.W4yksitast.--1-0-3-the-students .determine the Cartesian pro-
duct--ef two-floCrier shapes and three colors of African Violets.

You- may want to discugs Worksheets 102 and 103 with the
students -at this time.

Worksheet 104 is for fast workers,- or can be used with all
the_Istutents i,n a class discussion if you want. The students
are told to Chose one of. the three experiments '(or to make up
their own) ,and-to plan the experiment. They deterMine the
total number of different tests !Or the experiment. They can _

make a diagram, make ktable, write ordered pairs ,. or write
a multiplication sentence to find the total numbei oftests.
Any students who want to should be encouraged to actualk
-carry out the experiment, or-a similar experiment. (See the
Minnemast Ftandbook,.thring Things in Field and Classroom.)

-r
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4
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Serhaltmet *3 Name

Lett If

tells ku moue African violet plants.

Sens plants 11111f 'tar-sieved fitment The others

hem irrepatar-abased flamer*.

Ilene genets kiss lotus floor*. woe taw pink
flamer,. and mese hese purple flosses.

Mee menitffeeer shwa are there?

Mire mmy flambe cetera are shiest"

Geier the flamer pictures tele* be field eut hme

mop different hied* of flamers Maiden has.

C fr

pm,

Fast workers

tiorksheet 10. Rage

Intl It

Pretend yor are going In do an experiment. Choose

one of these experiments and find out tom any
different 1,410 you sill have In soh, to templet,
your expeetrent

Find nut the number of tests by milking a aurae,
or making a table. or writing ordered pairs, or

writing a multiplitation sentence. tat any teethed

you sent.

here are sere experiments. Choose one or make up

immiir nun.

I. You are testing 2 kinds of fertilizer. The

names are Super-Gro* and Zoom. Tow want to
test these no 3 kinds of plants -- geranittes.
-begonias, and coleus Hou many tests will you

have to sake'

2. You are fratIne 2 kind, of plants -- owls sod

4avlUg You want to test 2 kinds of moisture

..nrelittons -- *et and dry Ike any tests will
you hose to make'

l. You are t.sting 2 hinds of fond -- fish fond

and dry dog fond You are ening to test lien

4 kinds of fish -- mollies, guppies. moons and
mosquito fish HO* M114 test' pill you hit* to

take' t

,4
choose . mose and expertveng (. he at' page In plan
the different tests you u lot* In make

horkehmet l trentimmedi

Mishe a trite I. ohm his neer hied. ef Africans
violets Sheldon hes.

6%4.4 ; k P

A'

1

c

Write a multiplication sentence I. Mem hem ewe
different kinds of flamers there ere.

*t

Worksheet 104 (continued,

44 115 taf It In 5 (An Ci Va. r(13

G-fteriusers

G) 9 lasti-5

x 3 eta n1-3 z- G tot's

ccoict;-fis S TtstS

(3) _ a 8-0.04; x fist = Te.s-t-s

For my experiment. 1 sill have to make. bests.

thy don't you really try your experiment at school

or al home/

-13u



a

sson 20: CARTESIAN PRODUCTS AND ARRAYS

This lesson reviews the concepts of arrays and Cartesian
products on independent worksheets,. The distributive proper-
ty of multiplication is reinforced. The distributive property:
2. 10 = (2 6) + (2 4) .

This is the last lesson
of the unit.

in this lesion you .111
Ao linclusheets HS through KO
by yourself or pith your
partner

13,C;

'MATERIALS

- Worksheets 105 - 109
(independent)

PROCEDURE

Have the children complete
Worksheets 105 through
109 independently or with.
partners.

Worksheet 105 reviews
partitioning arrays. The
students fill in missing
parts of multiplication
sentences that illustrate
the distributive property
of multiplication.

On Worksheet 106 the stu-
dents partition arrays into
smaller arrays and com-
plete multiplication sen-
tences that represent the
total numk)e r of elements
in each original array-.

n Worksheet 107 the members of a Cartesian product are
arranged in a rectangular array. The array is partitioned as
an illustration of the distributive property.

On Worksheets 108 and 109 the students determine the total
number of ordered pairs that can be written from disjoint sets.

13D



Sughoheet HIS
Atilt 27

aussmillOM11111111
ile111111111111111811isiassessessou
111111111111111ellet11111111
ManealiseMINEEIO

This array has roe* aad columns.

There are _II_ .r 75 little
onstros in tin array

tiOn tale the sass array as abase but
partitive it Into 2 parts.

samessases ems
111115011111111113
1111.11111111111111111011111
N11111111111111111111 IMMOsessimmaes 1161015

Thts Pert his D roes
and radanna

It contain* - 0 or
.1.AL flute square.

This part has roes
and

It contains
or little- square..

Add the too ....Aldos ttiiether and you get

5 . . so , 75".

Ilse shoot 14111

Unit 27

Mane

lha array to the right has

rose and ' coition".

.It canto's+

quotes.

11111I OOIIO
1111111111011111111.116

OlosimmiN

-!nswers 4. Ja-r?
Orme a vertical t :1 line to partition

the array into 2 ports.

Oho part has

roes

column*

at ...-. quarry

The other part has:

7
column*

* or squares

Altogether the array t144'

I . t

7 - 11

liarhohipot 1411

sassollsamitiSWUMEmus

4
av

NEWsues nomill Ell
MISES NI

j...nroo

4 4,4

h.1( 4 , 40 I .41

\f`

le it teas that

4 7 a 44 Si 44 21 a ag, 0)

A.

orkihmot 1K lessatinoodl

A PISSMYS
Vctry.

The array aboverhao

/0 an, 8'0 squareg

two column

Ora, vertical tine 411 to partition the array.

PART ONE 'PAW IMO

fi! roes (-moms A4.... roes column

1.-. or _ squares J_ or ...... squares

Altoeether 41_ t..t _i -

so I I 10 IS 1 441 t



ibeitiebeet to
Wit ST

One

ht
Otwe

Cr Cb Cs

Nr fib III

sober et Ins SeMber et eagle
st esrldom

Sheba st lep-gorlde geared pars = k.
lenges the lops lege the green earbte.

paw limb ere loyilerble,pairs are Uwe?

h.*

a
Nit

Meal a WMAIIIIN) m

.2 -22.2-4-ber-mon.
pairs

n Mora

1

a iserblea =

= ;4 rib-imable

pairs.

Verksbeet lap
Veit 27

bre

.11ge gage different csebiestigas et Mears .s yeas
caa yet maket

Set A - riggers Set - vases

(WIN piers
moss pottery
S's.).'

*rite the,ordered pairs. Me first sae I. dime.

(tulips, liessi

1*1-4.11e$ fseftey
coats,

Saws)
ti rases, trtetYy)
i.2:414.431,cktas,)

. 4 "kr 0 VC

Fill in this sentence.

6
ewer et member et Islet amber et
embers In sabers in ordered emirs

Set A Set

Vertebra Ise Name

0111-87

Vette the settiplitallea ..,cease
tat tolls the tail seder if mdmi-pagell

let A Oa Nattateettee ibabise

NI plates

r

songs 10 *

10 shirts I tto /0 i -1. /0
t p.m. a Of011efe /0 a ::: 0/ 0
lo ......1 is 3 bate ia3 z 3o
lo MOM 4 ants 1 0- di r. 1.4 0

oo telepowais people /0 5- 2 SO
is ovasints teachers /0 . 6 -r- 43 0

1 pilises 7 Ws
_

/0'. 1 z 7 0
NI teats ION /9- e :: 80
IMO gerbils 9 cepa /d f -t q 0

10 deshs III theirs 10- /0 z fa*

New: Mho op year eat.

10 II 10 It * Ile

10 IS /0 /01- Z /410.

tO 13 /0 ( 5 - 1 S d



.

S.

IIINNESIST Job Booklet

- -

*.e
404,10

o's
.7,44

..4

Isi..4
lit

SI
4150.4

II..4

%%v.. mrAgive.e s" 0O 411,0.i0.11 elr0

Balance )3eam
System

UNIT 27 Numbers and 'Their Prapert lea
142



tg
,

r 
,a

t
4 

y
i

er
ro

r,
,,

,
t

ot
 o

,
'T

11
41

11
,

i
Ir

:1
1-

f b
Iti

ot
to

.4
, y

..,
1 

ta
t, 

.1
 ,,

$,
A

of
e

.

A
.J

.ii
n 

y.
.ts

 w
ill

 w
 F

r.
 w

ith
y

p.
rf

 -
ay

,.

ta
sk

s.
.$

 th
is

 v
.o

rk
bo

,.k
.

ei
 v

er
y 

c.
41

..t
on

y 
Le

ft.

y-
,c

t t
ry

 to
 d

o,
 th

e 
,,o

bs
 t 

m
sw

ot
 O

p:
 q

ue
,1

44
o 

..
yo

u

y-
uf

 p
 }

ru
le

r 
,h

ou
,d

 tr
ai

t o
ve

r 
to

 ;o
b.

>
 a

r.
 y

ou
 d

o

lo
ur

 tr
 y

ou
 h

 ly
e 

di
tti

ou
lty

 o
r 

C
ll.

 :g
or

e 
yo

u 
eh

ou
la

 g
r

O
P

4 
P

I p
i t

he
. t

ro
bl

ei
r 

og
 li

r.
.

on
ty

 O
tto

ey
ou

 h
.#

ve

pr
r

po
.

r
1p

.

t
T

f
I'

,(
,)

,A
r

..I
tI

ti!
'

A
r,

tI
,1

,1
1

t.,
.t.

'L
oa

d

ea
,

Jo
b 

1

W
rit

e
yo

..4
pa

rt
ne

rs
 n

am
e 

he
re

S
ec

 t 
i o

n

2 
G

et
 th

es
e 

m
at

er
ia

ls
 fr

om
 y

ou
r 

te
ac

he
r.

O
ne

 s
et

 o
f m

at
er

ia
ls

 Is
 e

no
ug

h 
fo

r 
bo

th
 o

f y
ou

.

hc
.e

-
-:

1,
4t

1,
-k

I
t

I

(0
 '1

.ti
be

ar
d

w
-,

 b
ra

cg

i

44
,Ir

 c
ill

4
, e

fe
")

 e
t:W

4
: f

o,
i

,
Le

r.
...

k
4.

 s
t'v

er

# 
,tr

at
gh

te
ne

,1
 t 

A
t, 

r

'4
1 

44
14

4r
4 

t )
1

L_
__

__
_-

1

3 
T

ak
e 

th
e 

be
am

 a
nd

pe
nc

il.

M
ak

e*
 b

la
ck

 m
ar

k 
on

 th
e 

to
p 

ed
ge

s 
of

 th
e 

be
am

 a
t t

he
 5

 c
o.

.
It

i-n
.

an
d 

IS
 c

m
 m

ar
ks

.



O
ta

ttu
, i

i

L
b.

*-
1

I
'`

t
k

I.
 V

5
"I

n
p1

1.
t1

m
ar

k 
s

ilo
n4

 !h
e

'

r
)

t

Ifr
t

1,
 I

k 
1

$ 
11

4.
 I.

t,i
ta

lv
f

,
'h

ot
to

...
V

I
gy

ld
1,

04
 1

1k
1

it.
 a

 o
h,

9 
T

ab
 I 

is
 o

ve
r

go
 o

n 
to

 Io
n 

t,



Jo
b

P
ut

 y
ou

r 
bo

ta
n.

:e
 b

eo
rr

e 
to

ge
th

er
 li

ke
 th

is
.

ov
er

th
r,

..a
h 

h
I' 

!p
et

tIr
 r

oe
a.

e.
 ir

e 
gr

o,
ve

2
P

tc
tu

re
4e

sc
rt

be
e 

ou
r 

ba
lo

ne
y 

be
am

.

r2
 b

at
 e

nc
ed

no
t b

al
an

ce
d

3
lir

 li
si

an
ce

 b
oa

st
 w

e 
m

ad
e 

is
 b

ill
an

ct
si

.
T

ru
tt

ra
is

e

4
I
!

t
e

ri
rd

te
0

,'u
10

 ti
e'

r
2

1 
.1

0 
W

11
.0

 te
e.

e
1.

,r
+

le
kI

ne
l

a
L.

,
If

L.
e

tr

r
.

S
 
B
e
 
s
u
r
e
 
t
o
 
s
t
i
c
k
 
t
h
e
 
m
a
s
k
i
n
g
 
t
a
p
e
 
o
n
 
t
i
g
h
t
l
y
 
o
n
e

t
h
e
 
b
e
a
m
 
i
s
 
b
a
l
a
n
c
e
d
.

40



O
D

Jo
b 

3

D
e 

su
re

 y
ou

r 
be

am
 is

 b
al

an
ce

d.

* 
in

 th
is

 s
ec

tio
n 

w
e 

ar
e 

ito
in

or
 to

 is
e 

el
y 

th
e 

ne
w

 s
ca

le
w

e 
pu

t o
n 

th
e 

be
am

. I
gn

or
e 

al
l t

he
 o

th
er

 s
ca

le
s.

2 
S

lid
e 

a 
re

d 
cl

ip
 o

n 
th

e 
le

fe
ar

m
 o

f t
he

 b
ea

m
 a

nd
 p

ut
 it

 o
n 

on
e

of
 th

e 
m

ar
ks

,

of
 th

e 
ne

w
 s

ca
le

.

M
y 

re
d 

cl
ip

 is
 a

t t
he

m
ar

k.
cV

S
w

ie
..Y

*S
IA

)
\P

 r
 ?

.

It 
is

un
its

 fr
om

 th
e 

ce
nt

er
 o

f t
he

 b
ea

m
.

T
he

 c
en

te
r 

of
 th

e 
be

am
 is

 th
e 

0 
m

ar
k.

3 
S

lid
e&

 b
la

ck
 c

lip
 o

n 
th

e 
rig

ht
 a

rm
 o

f t
he

 b
ea

m
 s

o 
th

at
 th

e 
be

am
ba

la
nc

es
.

M
y 

bl
ac

k 
cl

ip
 is

 in
 th

e
m

ar
k.

FN
sw

ew
-s

1.
14

 ti
qi

w
rY

It 
is

.
un

its
 fr

om
 th

e 
ce

nt
er

 o
f t

he
 b

ea
m

.

.

lo
b

4 
(f

ol
v,

..?
th

.,
1,

0.
lip

s.
R

V
.. 

oi
l t

he
 d

iff
er

en
t s

te
t..

. i
n 

w
hi

ch
 th

e

be
af

t i
s 

ba
.a

n.
 t

tfi
ti

1,
,4

11
.

1.
1

I

3
3

le
a

t
e.

.

a 
W

ha
t d

o 
y 

cu
 o

bs
er

ie
 a

bo
ut

 th
e 

po
si

tio
ns

 o
f t

he
 r

ed
 a

nd
 b

la
ck

lip
s

w
he

n 
th

e 
be

am
 is

 b
al

an
ce

d'
di

rt
. 0

.t
'

t.
A

ni
s.

tu
ta

tb
tp

-
4.

4"
fo

ili
 C

I%
St

do
l..

,

6 
W

ill
 th

ey
 a

lw
ay

s 
be

 th
e 

sa
ne

 d
is

ta
nc

e 
fr

om
 th

e 
ce

nt
er

 o
f t

he
 b

ea
m

w
he

n 
it 

is
 b

al
an

ce
d'

V
C

*



on
ly

 th
e 

ne
w

,

,t 
tw

o 
t, 

,t 
1,

4p
et

 c
lip

s

to
et

he
r 

:tk
e 

th
ts

:

2 
P

la
w

e 
th

e 
tw

o 
cl

ip
s 

on
 th

e 
le

ft 
en

d 
of

 th
e 

be
am

 a
t t

he
 2

 m
ar

k,

1.
 It

en
d

0
Z

 3
en

d

3 
P

la
ce

 o
ne

 b
la

ck
 c

lip
 o

n 
th

e 
ot

he
r 

en
d 

an
d 

ba
la

nc
e 

th
e 

be
am

. 4

th
e 

be
am

 b
al

an
ce

s 
If 

th
e 

tw
o 

cl
ip

s 
ar

e 
at

 th
e 

2 
m

ar
k 

an
d 

th
e

si
ng

le
 c

lip
 is

.a
t t

he
14

m
ar

k.

1,
a,

 4
 ..

ol
at

ik
ue

d

4

tw
o

It
;..

,
on

e 
cl

ip
 a

t
4

5
ve

se
rit

. e
a,

-1
1 

!g
la

nc
ed

 s
ta

te
.

tw
o 

r1
.P

s 
at

3
0

tw
o

.4
on

e 
at

10

0
6

.

0
/0

i.0
 . 

4
on

e
8

tw
o

od
6

on
e 

at

0
(7

6 
C

ou
ld

 y
ou

 c
om

pl
et

e 
th

em
 a

ll.
N

O
W

hi
ch

 o
ne

s 
co

ul
d 

yo
u 

no
t c

om
pl

et
e'

(1
1P

I.I
A

,1
)1

,e
i..

10
01

.4
 r

e 
if%

al
s 

im
dt

v 
K

t.
iv

e
W

e.
ru

bs
 f

a 
st

a.
e

s 
tit

te

ar



0

Jo
b 

5

P
.,

si
t.

2
th

e 
be

am
 b

r 
re

in
in

g 
th

. w
o 

te
l ,

ttf
el

 a
t t

he
 o

th
er

 e
nd

 O
f t

he
 b

ea
m

.

3 
W

he
t-

 th
.. 

be
an

 ts
 b

df
am

'.
.tr

e 
th

e 
tw

o 
ef

lp
S

 o
r 

on
. o

f

4
re

 th
ey

 a
bo

ut
 h

al
t w

ay
 b

et
w

ee
n 

tw
o 

m
ar

ls
 '

W
hi

ch
 tw

o 
m

ar
ks

,
ta

 *
M

a 
3

5 
W

ha
t n

um
be

r 
do

 w
e 

as
si

on
to

 th
e 

po
in

t h
al

t w
ay

 b
et

w
ee

n 
2 

an
d 

V
.

1
a.

Y
eS

he
 m

ar
ks

 o
f o

nr

R
ec

or
d 

th
e 

st
at

e 
of

 o
ur

 s
ys

te
m

 u
si

ng
 th

e 
or

de
re

d 
pa

ir 
bi

ow
.

5

tw
o 

cl
ip

s 
at

on
e 

cl
ip

 a
t

a

7
tt.

t.
tt 

ts
,

.
th

e 
,..

)1
`,

!t 
re

d 
pa

ll'
s.

S

tW
o 

bp
s 

at 3. 4-
-

30
11

0.

14

2

on
e

lip
 a

t

/0 7 3



Jo
b 

6

I
K

a 
te

rn
 .

.0
16

2
C

om
pl

et
e 

th
es

e 
or

de
re

d 
pO

'S
.

bi
A

b

2
6

th
re

e 
cl

ip
s 

at
on

e 
cl

ip
 a

t

3

th
re

e 
cl

ip
s 

at
on

e 
cl

ip
 a

t-

;,\

th
re

e 
cl

ip
s 

at
on

e 
cl

ip
 a

t

II
A

-

.
c.

1.
%

10
1)

 t,
 c

on
tin

ue
d

3
P

ut
 tw

o
tip

s 
to

ge
th

er
 a

s 
Y

ou
 d

id
 in

 lo
b 

5 
an

d 
eo

m
pl

el
e 

th
es

e 
na

de
rib

et

A
m

p

t
i

th
re

e 
c 

lip
s 

at

2 tt 3

tw
o 

cl
ip

s 
at

3



J

Jo
b 

7

I
'

'
1

Jr
 ..

,!
I

r
77

ei
ts

ta
te

s 
on

ly
.

L
e
f
t
 
s
i
d
e

A
R
i
g
h
t
 
s
i
d
e

3 3 3 3

P
os

iti
on

ut
 ::

ip
s

4

4 4 4 4 4

3

lli
sa

as
pr

rd
ni

l
.fi

e 
it

4 qi
41

4s
oo

st
s

an
IN

, e
ar

l ,

'",
..i

m
be

r 
of

os
iti

on
of

 -
fip

s

2 2
6, 9 ok

je
ga

fi
til

os
.4

74

,1
10

2

II
I

2 2
A

si
lie

ro
rS

va
vv

,
'

2 
Is

 1
s 

al
w

ay
s 

po
ss

ib
le

 to
 b

al
an

ce
 th

e 
be

am
'

''' 
'M

e.
 (

44
4f

t 0
14

11
.5

S
A

S
 4

.4
 1

14
4-

64
. .

t.
ItA

li.
i.

I w
k

40
1,

 C
..a

.S
IL

S
 ,

3 
P

la
:e

 th
re

e 
cl

ip
s 

at
 th

e 
4 

m
ar

k.
 N

ow
 u

se
 o

ne
 c

lip
on

 th
e 

ot
he

r 
ar

m
 a

nd
 b

al
an

ce
:,

17
., th

e 
be

am
. C

an
 y

ou
 d

o 
it'

ili
 0

.

4 
D

o 
yo

u 
th

in
k 

yo
u 

co
ul

d 
ba

la
nc

e 
th

e 
be

am
 if

4t
he

 a
rm

s 
w

er
e 

lo
ng

er
'

V
 e

. 5

Jo
b 

8 I.
.

tin
7 

it 
,7

"
7.

S
r 

r
O

ff 
y

' t
hi

s 
ta

gs
.'.

.r
rs

,
1
I
"

,1
t 4

s-
r

--
,

1/
4

lli
1 

ar
m

I
.

1.
..-

--
...

.

.-
-

um
be

r
f d

ip
s

f o
s.

itl
or

'o
f ?

lip
s

\
.

P
ro

du
ct

N
um

be
r

of
 c

lip
s

P
os

iti
on

.o
f c

lip
s

1 
,.:

t

i
i

3

tt

/. 
a

'

2
t i

a.

3

, \ I
 g

2

i

9

if
3

I
\

q
2

i

3
4a

31
**

rS
 s

io
til

,

O
ar

,.
f

2
j

$W
.V

4 
IA

N

.

N
, l

iF
er

t .

i l
iA

-
43

a
:, 3

4
1p

i'
A

lf
:

.
2

I.
iii ii'
 o

q 
i

18
;

I

. 9 
7

a
4

A
 e

ss
ar

ag
w

a 
O

f 
il 

T
ar

V
.

a
.

er
S

 6
/1

ft 
V

er
t ,

2 
F

ro
m

 th
e 

ta
bl

e 
In

d 
th

e 
pr

od
uc

ts
 y

ou
 fo

un
d 

a 
ru

le
'V

at
 w

ill
 h

el
y 

yo
u 

ba
la

nc
e

th
e 

be
am

. W
rit

e 
yo

ur
 r

ul
e.

T
im

 P
ut

io
be

r 
e;

 c
li 

ps
 ti

ob
et

 fi
t

pe
81

11
04

 o
f-

el
ls

 .4
1 

tip
s

I.
lir

44
 s

pa
ts

 >
A

a 
lth

at
be

cl
ef

s
/V

as
s 

T
S

4 
re

rt
ili

oo
P

 c
.ii

18
 a

m
ti.

rt
ik

t S
i4

8.

3
T

es
t t

ow
 r

ul
e 

on
 th

e 
W

ea
ve

 b
et

r.
 D

ee
s 

tt 
w

ee
k?

Y
e 

te
.,

.
.

a



.!

Jo
b 

9
.

T
he

 P
ul

a 
of

 th
e 

W
in

ce
 b

ea
m

-
.

T
he

br
ai

n 
ba

la
nc

es
 w

he
n.

i
nu

m
be

r
di

st
an

ce
(l

is
te

ne
r

nu
m

be
r

of
 c

lip
s

s
ke

rn
 to

ri
to

r
fr

om
 c

en
te

r
x

of
 c

lip
s

0,

L
.

$
C

an
 y

ou
 u

se
 th

is
 r

ul
e 

to
 b

al
an

ce
 th

e 
be

am
"

j i
,

2 
T

ry
 th

is
:

Pu
t 3

 c
lip

ii 
a 

t I
I.

 T
he

n 
3

6 
=

 I
ll.

W
ho

re
 w

ou
ld

 y
ou

 p
ut

 2
 c

lip
s 

so
 th

at
 th

e 
be

am
 w

ou
ld

 b
al

an
ce

'

R
im

em
be

r:
2

al
m

us
t l

iq
ui

ti 
lb

.

3
If

 y
ou

 p
ut

 3
 c

lip
s 

at
 I

I.
 th

en
 .3

g 
q

If
 y

ou
 b

ow
 3

 c
lip

s 
M

 S
. w

he
re

 w
ou

ld
4

yo
u 

pu
t 4

 c
lip

s 
to

 b
al

an
ce

 th
e:

be
am

"

T
he

 4
 c

lip
s 

w
ou

ld
 b

e 
pu

t a
t

6
be

ca
us

e 
4

IC
a 

jK
w

.
A

)

,..

th
es

e 
m

us
t b

e 
th

e 
sa

m
e

4.

la

I
.

A
'

lo
t 9

 c
on

tin
nw

il

4 
4

cl
ip

)4t
 4

 w
ill

 b
al

an
ce

 2
 c

lip
s 

at
O

L
...

.

(4
4 

.
/4

y
(2

9 
I6

1
t

- 
,

th
es

e 
in

tit
 6

 th
e 

sa
m

e

I
H

ow
 m

an
y 

cl
ip

s 
w

ou
ld

 y
ou

 p
ut

 a
t 3

 to
 b

al
an

ce
 3

 c
lip

s 
at

 Y
,

(
7

- 
3 

*
)

(3
7.

2I
)

..
.

t.
t

th
es

e 
m

us
t b

e 
th

e 
sa

m
e

9
G

et
 s

om
e 

C
11

0 
to

 te
st

 y
ou

r 
an

sw
er

s.

7
D

id
 th

e 
ru

le
 o

f 
th

e 
ba

la
nc

e 
be

am
 w

or
k 

fo
r 

yo
u'

7 
.5

.-
--

-

V
r

..



Jo
b 

.1
0

C
he

ck
 to

 b
e 

su
re

 y
ou

r 
be

am
 b

al
an

ce
s

w
ith

ou
t a

ny
or

t i
t.

It 
it 

do
es

n'
t,

tr
ia

lic
el

i`a
s-

yo
u 

di
d 

in
 lo

b 
J.

.1
C

an
 y

ou
 r

em
em

be
r

th
e 

'A
e

th
e

ba
la

nc
e 

be
am

"

I t
hi

nk
 th

at
 th

e 
pr

od
uc

t o
f t

he
%

nu
m

hi
er

 o
f c

lip
s

tim
es

 th
e 

di
st

an
ce

 tr
um

 4
 e

nt
er

 m
us

t b
e 

th
e

sa
m

e 
£,

r 
bo

th
 a

rm
s 

of
 th

e 
be

am
.

*6
I t

hi
nk

 W
he

t t
he

 n
um

be
r

of
 c

lip
s 

tim
es

 th
e 

di
s-

ta
nc

e 
fr

om
 c

en
te

r 
O

n

th
is

 s
id

e

m
is

t t
ie

 th
e 

sa
m

e 
as

 tf
le

nu
m

be
r 

of
 c

lip
s 

tim
es

th
e 

di
st

an
ce

 fr
om

 c
en

te
r

on
 th

is
 s

id
e.

r
t

Iu
t,

tu
ok

ue
d

S
o

.Ip
s 

at

In
 o

n.
. t

 id
.

.
.

t.r
tx

w
ou

ld
 b

al
io

nc
ir 

3 
cl

ip
s

at
 4

 o
n 

th
e 

ot
he

r 
ar

m

tu
w

au
;e

1 
x

-
1.

.

D
o 

yo
u 

th
in

k 
th

at
 w

ou
ld

 w
or

k 
if 

w
e 

us
ed

 Ih
ol

d 
sc

al
e'

W
he

n 
yo

u 
w

or
k 

th
e 

ne
xt

 lo
b 

yq
u 

w
ill

 fi
nd

 o
ut

,

.1
4



.1
4.

4)
 II

'fl
1 

1
I

17
-1

-T
T

-4
,

1
r)

., 
S

'A
,

:ip
s

t A
t ,

..r
e.

.

"7
.

14
;1

%
 r

 )
;
*r

, r
r.

 I
'

,
rt

r

th
e

A
ft

V
yr

rr
r 

rt
n,

1 
ho

w
 ta

r

.,,
.tt

ra
ot

S
.

2
,

t,,
,.

I'
1

4 
1h

.
14

,1
.,

11
11

 4
4)

 s
r.

. U
s 

F
A

..1

11
1

W
I,

 t
V

0.
1,

+
)t

,s
1t

 1
14

11
1.

ft
).

S1
11

.

p.
r.

15
)

j.

3
t.,

5,
.

41
1

W
.V

11

ci
ot

.

30
)

V
.

4,

tr
q"

w
et

,

to
g.

;
41

.1
1

!to
r 

).
 d

ot
-.

 w
yr

fr

4
0,

3 
on

 5
) 

tc
,i

r
4-

r
11

. 4
1r

,
r

-4
 h

.
tr

oy
1,

11
 t

w

lk
s)

It 
yo

u 
ne

ed
 p

ra
ct

w
e 

in
 s

ub
tr

ac
tio

n

th
er

e 
Is

 a
 tr

a^
tic

e 
sh

ee
t a

tte
r 

th
e

la
st

 to
b 

in
 th

is
 b

oo
kl

et
.



r

Jo
h 

$2

I
.t 

t1
e.

A
t.,

m
.tt

4.

I I
S

R
.3

.
Ir

on
'

Li

4'
. t

ro
t

fla
td

O
t

cl
itO

t
fin

%
1 

,e
tit

er

2
rn

,
t

c.
.,4

r4
., 

w
tth

 o
p,

 :l
ip

 a
t t

he
_4

:1
10

,L
'm

 m
ar

k.

T
he

 c
lip

 is
.1

4
fr

om
 c

en
te

r

4(
0

44
°

Fo
e

nu
m

be
r

at
st

an
ce

of
 c

la
ps

fr
om

 c
en

te
r

C
A

at
... 3

S
lu

es
 th

e 
ru

le
 o

f t
he

 b
al

an
ce

 b
ea

m
 w

or
k'

*I
f y

ou
r 

pr
od

uc
ts

 a
re

 n
ot

 e
qu

al

ch
ec

k 
yo

ur
 w

or
k 

an
d 

ba
la

nc
e

be
am

 c
ar

ef
ul

ly
. A

s 
a 

la
st

 r
e-

so
rt

 c
he

ck
 w

ith
 y

ou
r 

te
ttc

he
f

9

Jo
b 

13 i,f
. 1

.b
.1

) 
JO

;II
it

g(
4.

,
4o

lt1
 f4

.1
14

41
' S

'
I

,h
r,

it 
0.

.

T

..e
r

2
t1

84
 y

ou
r 

to
`A

t?
 to

 1
40

1v
e 

an
d 

:h
ec

k 
th

es
e

,
a

2 
el

q.
s 

at
 4

1

,-
I c

lip
 a

t
61

1
2 

cl
ia

o,
 a

t
lip

s 
at

/0
1 

c

4 
at

q
3

I a
t

78
2 

at
14

'



a

S
u
b
t
r
a
c
t
i
o
n
 
P
r
a
c
t
i
c
e

a
5
5

6
4
9

-
 
3
3

-
 
2
0

-
1
5

42
1

eL
I

i_
 o

aa
g

73
7

21
- 

90
6

- 
19 a.

- 
--

00
4

51
7

93
5

C
A

-t
oo

l
-2

19
C

l

76
32

3
-4

9
- 

11
5

10
1

/
91

6
34

7
-4

33
26

2
3 

IA
41

(0
45

'3
4

19
9

30
00

- 
17

0
-.

37
3

- 
14

92
99

7
ga

g
fe

t
20

/3

I


